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' r root ocl o* - ‘rw ■ • ‘ o ■. t rr ■. 1 ctf.<" 

iidt:io.l liu ' ctic' / n ' r:o" ^rj.ocn v ct i, n-r 

Irrt yc ccn l\u:t/d b'’- ororr^ l/i n^’ rr^^- iv- -3 rrco o^'t 

ob''rir'V.,o '“r Cl) '" 5' ^: ■ "i L' ' v v ' v cr 

y ^ c’.yor \inc'!v\on. C’'"''' it. ■’.' : '-r' nt '‘■'o 'n' c '.].'. 

p-j.-’rr - 'trrv' cr >iv*]f ( - cb obb/X' <*0 "C^ r ’ I'"’* r ^ "C'" HS 0 

t)io nv^"'^'fr c^‘ r'^rf r tfvr i'- o-^* z.^icrj o' '■' r 

*13 t’<= rcf or<' uscf rs t‘’- critf ri-: i v^-r ' o-i-g:Is , r - ! t r x'r^ 

nr iiiiiif sections : t onermed "iJv the cc?' ^ v ' ^ ' 
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?. Group I. 

A. General. 

This f;roup differs from the groups in that it is a 

t\oio zero s;ast^Pj ^rnAoh could vrv.rr sr r\t a 30 oed rrpulrtcr. It consists 
of svotr.TTi 01 c. Moch diapram o-^' uhic’^ is sheum in fipurc ?-T. T^'js 
G^^strr 0^00 dif^vrs som^-^’^^rt frc"''i the rrmaininf^ systems in t!'«^t 
rrin o:^‘ t^r bo'” "r s incrf .-'ce ' to tc insurr uist'*'bdd ity of thr 

unco "e ns ted cm t^m. T’ us thr true valur of V r tau'^r of cem'^'^nsr ter 
Tfou'^ j be: rcr< ^TvSi'^y r^comizrd. 

F. Ccmpletcl'>; satisf ' etcry comne nsetors. 

( 1 ) Lc.x: d ne t-^rork . 

The effect of this compensr tor is shC'Ui in li^yircs 2*2 and 
2-3 for a 1 and a resnr ctively. Although it is ern; blr of sta- 
bi"'izi}i^‘: thr svstn".^ thr r nmr of obtained: Ic is vrr-^ limited. In 
yen: r.‘ , the fclio^n.ng clu^ra ctrrir ticus to thr s^^str^y (a) Tn- 

err : sing tlu v.^leir o'^’ th^ ccmnrnsator oole t? n Is to ert^'ni V r rr ngr 
of obtri"^- ’ u ^ r : s ±s^ in rffret. incretasinr t’^'c ratdc of Dole 

to zrre and is "^iritrd in ''uu'-ctic"'^ ree’'>rct tc about 10 tc 1 . (b ) 
2brrr is a mjnr^um c^‘ cem^udur rain, ne-erss-ry in each case 

to stabi"^izr the sy^trry 'Trf^rr v'-lru s are given in tab'^e 2-1. In- 
cre^sinr be vend this ’U'-lue tmds to inerr-rse thr stali'itu. (c) 

""or a riven valur rf the smaller thr v-lur cf the larger is 
the cbtcinable ^ . Tliis \rill also tend to ]i ake smaller. 

) First derivative, lec lbac^. 

Tn±Fi locus is s’^c^m in figurr 2-h (for a:i.O). This com- 
P'^nsator givr s a co''' ol etc r^'n'^e^ of obtainable ^ hs from zero to one 
rnd t'^uis gi\rcs the drsicner ccnsjdr r.' llr fir i^'llil ity. ber thr given 
:'/stem there is a i Inl ui cO' rnsc: ter gain o" ‘"^cr ^ Incur asing 
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thf %'-in b<'yond t!'io v; hi ’'in incr' ir''" -J nrd ifcrc-'sc 60w . I^' G 

't>i , ho’f''V'r, i~ ri" 1' ti''rn' 'ii'ltid :^or c. ^ Iro'.T'Tn Ji rnd .7. 

'* ) '.l<Tlv.''tivc ''.ue 'rc'crtion-' fr ('db; c’' . 

TIiIe "PS, b'' f'T’, thf ’'lorf flrrible cohrirnsator inv stigatf d. 
Thf loci, -dth a voriaff, ’-ri rr similar to thr locus of first 

drriv:. tivc feedback but ’•dth inerfosed They r-Vf shc”n in Gj gxirf 

2~h. T! is gives a muct' 1 -ri.df r available banrhridtb. In gnirral, in- 
creasing increases ^ and decreases 60v» . Increasing a increases 



6CL and increases ^ . 

(li) ccrrDrns.?.tor, 



rhe Tcci for this connrnsrtor arc sho'rn in finjre 2-^. These 
loci arc very sir ilcr to thr first derivative pliis ore 'ortionc"i fe^^d- 
trek curves^ hut ar^ ir’or»' sri-rr^ly liinitf. d in thr rrnrr of band- 

■'■jidths obtainablf . I^c^^vcr^ any ^ nay br obtained lye increasing 
provided the seirfrr brnrhdclt’'^ is rcceptrb*' e . 

C. rartirl ly s- tisf rectory ccoprnsatcrs . 

( 1 ) net^’^ork. 



ThcriO loci are sho’na in fiyurr wS 2-2 rni f-3 for ^ 1 and 

a ^ li respr ctivr 1y. The stabilizing alility of thrsb co^ rrnsrtors . 
hoTvTvrr. is vrry^ United to valnes of a not Tiuch greater the. n the co' - 



nrnsrtcrs role , "^or cyr^volr . the na::inuri ^*init oi ^ in .‘'‘ieyire ^-2 is 
6. '"or 0 21 thr sv^-ten Is ccnolet*^ ! v unstal:)le. In addition^ thrre 
is a nininum ^rplue of k^^ yh j oh must be net tc rarkr' the sy^-tern stable 
"dtf cth.cr va'^nrs of a. The ccnorns^tetl systen is also severely 1 inited 
to S'-oll voTu- s of ^ . In grnc.roT , this is not r Vf r*'' sotisfoctory 



corT"''f nsptor. 



D, Unsf tirr'‘pctcr”' copi'pcnj ators, 

■"’h f-' follo’^nn^' CC r or ^ ope! '^, * 



dr re ' CO' ' Ir tel^^ unra tis-^rctorv 



<‘5i| ti' W-- L ti '■ ; 1 f . '•( s C'l'. 1* 

' (1) liC iv ■f’-xvr , - 'T £'c' ( ,'iU =, 

{? ' ’iccorid ;«riv?-.tive Irr- -.ro' rt'^ cn; 1 fv < (i3.,Fure 

-itb c_^ 

(3) cor'ppn'jrbor (fl'-urr '^-7'. 
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t’o.rc order ’'■ctor '^rnction. 



„ Grnfrpl. o 

'^he only syctrrr- inx'<' stigetod ’rl.Ich ivito t! ie ^Tcm^ is n 

,3c GO. rh':' clock 'ip.prsri for this s'''stfn is ilGustr' to.d in figure 
Also inc‘'u.'icfl in firurc 3-1 ?5rc the: roots ci' th;is syster, 

um'Osr]'r,^ - rr;,iin of 100 VoS selected for the iinc'cm.' rnsr tc ' 3''’’stf r 
in order to c it'd r t'"^ roots to i'*svire i:citiO i’ stebi''itv. Thus 
st?hi'’,it7 is f''"' oririem' ohjecticr i” ccr'iornsptinp t'-^is system; uhile 
the pl'id ity to ver” the §* and CO^cf the ste'i Ic roots is rlso to be 
ca sidereJ, 

r. dc.; Ictrl satisfacter’'' com Knsaters . 

Teo of the CO'. :.( riSstors i vestip-’ted vjrrc complc tf l.y successful 
in stal'd. ' i'zing the .system. A brie f analysis o’" the effects nroducod 
’■ ' t! ese .-on on sat or s fcl’lo':’'S: 

p ' tiTOM (.3, c)i<5pto'r’ ''ith a not ocu.al -oo zero. 

use oP a co'obinf f on of first Vr'lv; tiye and •^rc or'cionrl 
jff'o.lh; o'- provides rfmetive- co?'’ euc' Mon cf t!'o syst' . Vet only 

s its ’y nco '"trl iiise Me meatr’.^ hij.-;-, rise it sents tbe- 

ie 'o or ’ ;i 1; n r' 1 ' ■ frvor ’ ' c''oi'r o'" r-ct locations. 

■ s slu'' n i'jn ■(’ieuro stability occurs .In tlu cem: tf i 

s;/stvi'. ■^’ci •' V' u’’ Ire of ^ thc ro'crtional ferdl. ch coic ' orent of tho 
GC'-'Oeny;. l^^r. o 'ver, ill orieu for str bilit to cccui t^'e conp< o.satcr 's 
gain, k , ust b.'. ere-o'ler 'li'cn a iiinimuni veTac, k„„. These vr''ues of 
k , ’.rhich’ V.'- I'-y 'M.th ■?; , are listed in t.oVle 3 - 1 - 

The val '-'es cf tho .iesign pari c tors S snd CJ„ that are 

ava.ila.h'e tc the Irsi.rnor 'bi’roupii n.se- c'f t 'i.^ cc'- i 'onsatcr dei^end 'bo a 
c.'re-jt ertent on bho vrria.ble a. Tf ? is ri' in be ined constant, OJr, > 
can bo increa.scd b.y incrfr.sing a. fn t'y ctlirr .hand if is ncintained 
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cornt.^nt, f c.-.r- >:f r-i - r i 'roin 1,0 tc r ■ i ‘ by iprrr??’.np f . 

i? ■' .;r.'p vn'u'^' o"*' ^ if ■'^cnai to fcs jr , ’Th< rt- 3" if sho’’r’ in 

“Irnrf ?-?. 

Also ? i'll ' -’npond on tho v,- lu<= of k,. Py increasiny k frcr 

c c 

to infioity^ r^airtaining constrrt^ ^ i crease fra. 

to CCS y ^ or evm greater '■alues of ? if a is saal'^ • TiVo- 
^ Isc incre ase ^n.th increasing k^j or on the other han^-^, 
it ’"pa- ircrep e .iene^"'^?ng on thr srecifjc v^lvc of a nse^i. 

(2) = ca'^^'^onsator • 

■^■'■•cctive CQ- ' 0 ‘^n • • tn on is oit- ii r ' hv rse t^r ro^'- 

y>q-t^r, t ■ to rcPcLoing st''li“’it' to the la'ic s"’’st<^r, use 

of t^ ■ s cr c nr th' ■^esi'^n'-r a re''sc^'’ah'^ r V rrr cf '^'^eri- 

heifit"’' in c c root oc-'+ ' 

^•3 s’- ' ’ni . n "i<nno '^-3^ S ’" IM.t''^ -fCiCnrs for '^^er'-’ •^ra^-'ir of 
a urcvide-?d t .r re a ter V'- r a ninl u" , h . Vai rs of k , '^"ich 

slightly nlth a,, ai e listed in table 3-l« 

•_ CO' ; arisen of fig ures 3-2 an i 3-3 reveals t'^ e si'^il:rity 

bet'-eeu the r^e In'" in'" ting sections the root loci* Thus it is re^a- 

3-' f/ le to bei; • t* at t-' tleriM*’ it'^^ crovided t' is cornnnsr tor 
is - ot h'tfrr^nt fron oro’^’\ded by Vor- nno’f co. nsator . 

lcns( t., If ^ 1' cense .p1 1 'difference caa Irl ^rith th^ f.-'ct 

t' at the ^’^e*'! ■“'it"" o' the ‘'3^-' co" pier has ’ era py '’r.in^d in 
t-;'!"’ j a. M"r'th''r li^c^os.;..* on thr -e'en g 3 p^Q-i necoss'an^* 

Co artj r’d I'’" snilr-Tpctor/^ co^rnmoa tors* 

of the-cc n-^n-^ators invrsti 1 ryr c' rs.liero'' to "^rc olie' 
cc'^ '^'ensf t : •- n -^ht^b js ri ■*' .rrtl<:V sa tiv^factc?' * is is 'u^ bo 

V Ither enr or t'cth c^‘ t''T rc^so-is ■b"n(n.-'jnr on t'-T svabern In three 
of t*^ e co; "nsate^' S’pst<^" s s rat i lit^" 3ce^ oot occur for al"* -‘'oes cf 
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a<> t' (■ r rna*! n,' r t i * i ■ t/>n inflnr-ncci 

■ C‘U?‘v"5 '-'P'''' <hcr\_ is C " V' ~'"Cr^ 

"b‘.C'CT:>sicn c^‘ t>psr cc' '^fiivSTtors be ccrrlrcted in- 

di^adu? I;/ bolo^ ^ 

(1 ) Lag ne’ work» 

xbe lag netTJork can be useful .l-, corn ensating thr 36 '^f sy? tfrr* 

It definitely ^ dll inviuce st:bi*lityo Hc^rev' r, thr f] o"'ibi'^ ity obtained 

V rc'-'g’ ' of t^'js cor^nensetor Ls rot too goede 

t\s sbo-rn in .'^inu’es ^-)|. and 3-5 for a > 1 end ^ respectively, 

tie networ’’^ strlilie.es svetein provided r doc" not eveer '' an 

U' • or Ti/i.ito This u:'' ' it is th< L v ‘^^•e ef a icb cruses the root 

locn.s to -‘f rsy 'totic to th^ ipr^irvrv avis. If a is less t’^rn f'^is 

lir jtinr vplue, st' li'^itv is not assured un*^ ' ss k is -Tenter t^rn a 
^ c 

'’"ini'-'vjn 1" . Valv.^s of . 'ticb v r - ■ itb r, ?rr in 

cr e.^ “ 

trrle 3-1, 

It is rise ^^pp^^rrnt .'^rm firnircs 3-h ant. '"-5 tb'.''!; the pre- 

do-'inr.trng sections of the cerp'^er rert 1cci ;C not v^ry to any grrrt 

cvtfnt rs a changes. In dditicn, tricot, riticnk^r sections of root 

loci t(-v inate or: r 1( v zo'o, Tlserefore^ thn 'eoignrr ust net 

erxect v( ry flexibility ^or meeting s cificr tirns by r^^rying 

a or k if this cc^*"0^nsrtcr is used, 
c 

The ^'rv:b'u: “’nr ? pre^/id^' d • t’ is ccs' ^ ns- tor :,.s 

a:-’:’ rtrlv 'ky ty-; e'-r t.ice.l ''r . (/ coxrr 'u^s of 

sr- 'ii' T than this 'w be cl t ined b‘^ deerrr sjng k , 

c 

'be ^ ost ef"rcti’'x- av of •'• joeing oo>, in t- is co. nensated 
so 'ten e § . di ‘.ncre'^se in ? fror'» sore to the nr.XT'ru") 

la^ "xliTo coelt Cause (jj^ to citiior incr^ror or Verexse de- 
yniing on the i.if -^V r'-'ncr- in sisr Ivtxrn a "rrl V^< conrrns^ tor *s ole. 
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OT'evr-r. ^'or ■ f tot?'' ^-r--y- , r?' ; ■ LJ -d'H ’•'ct t? c'"‘ 

' ^ 

\xc' . 

^?) V: ^ 

■""■rre Vrs net n^nr-v tc jc i" fr^nce t’ e 

e". octlvcr^ss of t' e Tr-r ’ ?nd lar" n^ t'-'or-'r. s s’-'cti In fip^nr^^s 
end 3-5; tbr root Icci conpc nsr-tors s iPDler^ent n;^ch othrr. 

Thus the flexibility available to the designer is roxinately the 
Sc'c, . cere VC r, there is a lif Terence '-ith respect to the r.nre of 
a for T^' ;ch the leal network ^dll cause stability to occur. 

’ben a_ c^' f'^e lead nr b ^ork is orn.;'l tc zerc. strbi''ita^ in 
thf cc‘ vnsated s-st^'i’^ -f-ni not occur. '"or a-1*^ other va"'u/^s of a 
td'.s co^' ‘Sf nsa. tor does ^reduce sta^'^'^it '^rcviac ' the ccvnsatcr^s 
rpnln. i" , is ^u'^catrr tV'-n r ]''ind*u':, k^,^. T’'’e\sc. vr “^ajes c:'* 

"dth a and ar^' listed 'in t-'blr 3-1, 

(a ) i»t c- QQ- 'cnsr tor. 

"br rf "V c'^:';'’’r^.c'^'^ t-‘'r '^'0^’ cemornsater is r^ore so 

lirited thru t’^t ct trro just ' r<^viously discussed, '>?h ' e is due 

to the fact t'^-at t/ r rr tricti ens on a ai-d k^. for strbi'’ity. r,re rare 

— v> ' 

str u gent. 

In order that stability i.u.c;tt cceux in the conrrnsated systrs 
W'ca^'e a. ' t-o c^nd'tions njst be satisfied, ^"irst. a nust net 

be zero. The secenl condition is thit the v: *^ue of k^ ?aist b^ "i.t'"^in 
ficitr ''ird.t"*. S' ^.n ■^:‘r*urc 3-^; these ’’ir-its •V'^rnd on the 

vp^ve of a in t’-' t rs a. increases t’ r interval bctvrrn t^e’i decre.''’^rc?^ 
[hr \ ; 1 Ir ■ cf "ox tl osc "* 'r- ^ i arpsticrtrl -'rf listed 

in t-biQ *^^1, 

'I'b’ -on--’- - ' ' ,r *i n ''l u.e'nc^ e tnr v*' b' a' 'd Jf izl ‘V’ ca 
V ■ aroii QQ' • n<T ior^ jt "C^' ' t'.' have enl^’* c ^a'all f ^ ct en 
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3'o'js, it ip re- pitu^tp-' t it is ossify t^ rbt'ir rc-ots 

in t'-'f' r^npc of C. ' to V'- ^’^rr- '.-pr- i- ''roTn k (-.'ini' iv'- c^oin Ti’"it' 

v.r to npxj. Ul? Ifdt, 

(h) "■'eccnci clerivrtivr :dth pro^'^ortio'"\0- fr ^dr. - ck, 

■^bo of :rect3.voo.rSv? od f 'is cc'^oo nortc?" xs stronp'‘^’-r innu»"'ncrd 
V''^ t'^^ cS . ^cr - "^^33 V^rr r ci'.ltiorl \"r-rr t’^tc io r ^ocr 

CO '"^n^^tcr: but, -^or r rrrrtcT t’"/ i" criiticr'^ V r- cc- *rn: otcr us r.-^ "rct- 
tJuT’onrss is siilrr to tb-^t of other '''frtiolfy s-ti!'*'"' ctor'" co' '^rr^ 
s; tors. 



i o root loci c" ''i are ;-7 sbou t’ e j.nflurnce of - or this 

co: ,u nsrtor o; i1 ‘i t;/ to st.^^'bllize a svstt . "r r cc Uc.l to zo3'’o str- 

floes ret occur ct ell - "'or e ;,r( :ter t’ cO zero but loss 

tbpji the c'ci.Vc'“‘ vr'iu.e stelilit^" "'cos rcC'''r olt!‘cu.ob cn^ y to a srcll 

':^crToe. ^"o'Tovrr^ for a ^Vf-rorr ban tbo critical. U-ls corr^rpnvSatcr is 

cacrbl." of rc'^n. Ijnr ^‘coi strl i'^izr ‘ 5 '*n. Ibis ci-itical va^io cf £_ f or 

t'-'O " lx a to ’’if" ‘^•rt^Tor ^ and )•. alT Tr-l*v.s of a 

ot’^^r t‘u:n zorcy rf*^ occurs if k is c^'rator t"'an a r-ihiru"", 

c 

1 ' n,f- pT V errres 'cn''''"r to it-' '.'■'■Jc'’s ’'■:’''urs of r pr*" 

cr ■ cr - 

■I is'-.f 1 in tr' 1r -_t . 



In !. ’’iticn tc ot"’ l'’.ib'^ t'-o tl-'' "il i’’ ‘ t”' 'orc-^idof V - t' is 
coi. -'fnsntor is str-' r’’,'.' influrncr ' ^ alsc . ”or ^ "(ss f r ' tie 

critic:! ttis cc'.' ens-.'-rr's ort' if ver. s cVl dno to r lock of 
Vdf Ity. Cn t* r ct' cr p- 're; ter t.'^r cr: tic;f t’- '- il ? o’.'bi" ity 

is si ilrr to ti'.-t of toe ' co •'(vortcr, :.f.r"ver, ( v: for f is erse 

t’-T CO' ■•■oi'isrtcr 'p ns" 'V'li-ipsp jo ...•■'•■ "• -.t ''•irilp'’ to I' o ''.prp’p -■'p''i’fs of 
k^ v' 'o' set in t’- f renr' tc '‘a cn ■■ r'-str-ot to ro‘!oti”'rly 




3 - 1 ? 



fixed ^ V'^lncs. 

u Goxr Irt.' 1 \>w iisf;-ctor --c r^n^r tors . 

The e'ff ectiA/cness of ti:o of t’lc conpcnsators im^e stic?ted is 
co-'pletely unsatisfactory''. Those t'-ro compr nijjr tors consist of the 
first derivatiAr^ and second derivative feedbac'^. The root loci 
s^oiring their ef.-^ect arc si^oam in ^i^’^jres ?-? 3-7 for a equal 

to zero. 

r . ^ ■ cmal i z c- ti on . 

•"ethois by the root loci plotted in figures 3-2 to '^-7 

rnr.y br ccrr''"Ir ted th those cf onv Group III systeri have not been 
inA’'f"stig^':’trd to ^^nAr great e: tent. 
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TABLE 3-1 



APPROXI-IATE LIEITE OF STABILITY 



a 


Lower 


limit 


Upper 


lijnit 


i 


' Kv 


^cr 




2 


l.h7 


1.208 






h 


0.709 


1.239 






6 


0.h92 


1.20h 






6 


2.116 


l.lh3 






7 


1.76h 


1.166 






8 


l.h7 


1.208 






9 


1.35 


1.250 






3 


1.021 


1.173 






6 


0.591 


1.05h 






3 


3.657 


1.268 






6 


l.h 70 


l.h69 






3 


h.389 


l.h73 


20.000 


1 o.h5o 


6 


2.5ho 


1.337 


8.50C 


1 0.530 




h.389 


0.501 






h 


1.021 


0.9h6 






6 


0.h92 


1.20h 
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he Group III - type one sysi-ey yith second order notor function emd 
one e-'cess z<=ro in G-|^, 

Ao Generals 

System llj.00 is the on^.y systrm j.n Group III y'nich was investi- 
f^atedo Th»^ bloc'-< diac-ram and the unconre nsated roots of this system 
are s'-'C’-n in fifpjre J'-l. 

It is significant to nctf that the basic system has cnl:’- real, 
stable roots. 'n-iere<"ore , the eynress nure,ose for comtyn -ating this 
system is to relocate;! these roots in the negative half of the complex 
plane. In view of this purpose^ the flexlbilit” that the compensator 
provides the designer tt.11 ba given considerable attention in the 
brief analysis imich is to be conducted below. 

P. Completely satisfactory co~'pensators. 

Four of the compensators investigated are considered to be com- 
pletely satisf actory in com 'rnsating the lliOO system. This is not 
meant to imaiy that these foui' rre better f'an that compensator ”'';ich 
is considered to be only n/rtiallv satisfactory; but to the contrary, 
it on^'e indicates that for each compensator tTro conditions are net. 
These conditions arf : 

1. sta.tilizaticn is possible for any value of a used 

2. stabilization always occurs -Then k„ is greater then k 
However, in so' e cases k^^, is 0 because of the fact that the entire 
root locus lies to the left of the imaginary ax'is. 

Pecause of its effect on stability, the value of k^j, is of in- 
terest, Py definition is the minirnun compensator gain, 

Possible the't a stable systrm may have. The values that k(,j^ assumes 
denends on a, P''erefcre, these values along Trith their corresponding 
va"'ue of a are ''isted in table Ii-l . 

I .-1 



'pch of i-be fcu.r co”' . rnsators Jif-'’cr saiOTThrt ^'.n t eir effect on 
tre basic s’-stpi^, rni conspcucn+f;^ in t'^eir rffectiveness, 'Pnerffore, 
in ’-ir'- of t’rrir indivi lunlity. cpci' '111 ’ e briefly '’isenssf^d belor. 
(1 ) Lag netarorb. 

'file effectiveness of the lag net'-erk in conpensating the 
Group III sj'stems ars to exceed thf.t of any etner cor pansa bor 
investigated. The prinarv reason for t is is the exceptional flexi- 
bility that it "ro\T.des the iesi;ener. First of all, this s:'strr: is 
stable re'gar Hess of the -^ne of a or k^; consequently, there is 
nc restriction on tha values "’ icb can bf^ ass'.y v d b" either a or k^. 

In addition. the shape and orientation of the dcirinating section of 
the co. -^lex root ''.cci is cuite favorfble, -'.articulnrly for systen 



10. 


As shr*:m hy 


rest loci 


cf fifure J 


'i-2, th.e^ 'Ic: inatin.'. co" - 


ex T' 




vertical. 


str*^*’ <^ht 


■ d capable of being "cved 



to intersect any place along tbr nag<ative real axis ti'iich is l«ss 
than s equal - 9 $- Obviously this '■'ould ’'rovicle nrari-' unlirnitcd 
flexibility in alioTTinr; the designer to choose from a in.de range of 
^ and . On the other hand, the ro ct loci of oyster- lli20 as 

s’earm In figure 1-3 are not endoued T-atb esuite as many of the fa- 
vorable characteristics as t-jas liilO, but nevertheless, it e.till rro- 
vi-’es a larre leepre of f lexibi’’ it". 

Not; that the extent to "h.:ch ? and may br varied has 

been bnlio;, te it is - Iso of Interr'Gt to clser^e he;: this variation 
■ 1 "!." be acco nlished using k^ and a. In particular, "or e'ithrr the ihlC 

or IbOO system ^ r.ia"'’' I'" vau’ied in either of t'.’c vayo: incr"asing 

Fq ■■•'ile ’ old.ing constant, or increas.ing; a irhi' e hrliing k^ constant. 
Pae Porarr method corses ^ to ''ary fro" a small 'viue ("hich in it- 
self increases 'Ith a.) to 1; ”h frees, 



the latter -'ethod onuses a r uch 
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aialler vrrirtion in ^ 



. - use, COki vni^if-d si ly by 

yrryiri'; a_. 

Tn vicTT of thr fpct that role-zero cancellation has occurred 
in systein llilO, it serrns at ‘"'irst rO ance that the aoolicable root loci 
;lots should be considered to rrrresent onV-’ a srecia'! case. Ho’-e-rpn’^ 
in s^ite of this observation, the significance of finire h-2 is still 
ncte-'orthy. If the -'ole of the ce"r<-nsatcr had bern less thaji that of 
the :^otor 'rncticn (this letter e>ole caiis^- s the zero of the root locus), 
thru th' resultin'" rcct loci •'■reuld be sirllar in anncarance to those 
of fi,'';ure I'-2, T u.': this '"iyurt does rr ‘'resent to sor'ie extent the 
root loci for care '-rhere the coTuensator 's ole is 1( ss than that 
of the ■ otor function. 

(2) "6C” co: nensator. 

T:'’e effectiveness c:"' the '’60'' co; "( nsator is uoh less than 
that of the 1 network, is s''C”n in fip 7 aa’c l-h. e:‘cert '’cr eoual 
to infinity "iien a is 0, this con’ ens.-tcr. re; rr Hess of the vr''ues of 
a or Ic^, does not cause instabi'' it''.": yet, at the sane tire it does 
net '■rov'i-'e favo* •■■b’’ ' flexibility In thn cheic-r cf roct locations, 
me reason for f is i- th*' f'-^et that t" a ran'.y c.f ^ aa'ailable is 
hir;M->r :'q- rndr't cn the T/a'’ue cf a. I'cr a <?i ual tc 0 all values of 
^ r-vc 'oseibV : '''''rf 'S, ’-hen a is dri'^ater f't.n 0, ^ can not yet 
s"a;"'.lcr than the ■ in‘’''.'xi” is <~'Stabl is’"ed b ' th' co' x roct 

I 0 CU.S, (ri ls i’ininuj: can be asctrt'ined to be cos Y , aThere 

is t'..e arnele t' at a line from the origin, tangent tc the comlex 
rr-ot locus curve, aV-i-'s 'dth the negative n el axis). Thus for a 
''<• rge cnourh ‘it Is not "ossill to locate racts S”c''‘, t"at their 
’dll br In t'-e 'Vr-ira' Te to f.-*' range, ’hich ■’erinit('ly is not 
favor’ tie, Tl"'ls v: "'uc cf a for the ll'bO sysbc!’'' is a’enro' iviately I. 
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"ubject tc t'')c itrtic' c\cvr ^ chrngrs in c'^nd 

^ '^T' ^.os'- b'' vrr'ving £_ ^^''d '-c* or^v'c'usl ■• ^ntirn<='d ^ cpn 

bf. cpiiood to --^rTy frcn: 0 to 1 I—" :’norrr ing ^ri to! :ling r constantly 
c(i\p1 tc 0* "'ovovr r ^ ."^or ttio '’C'nsrtor, ^ ore so tbsn ctl'^crs, cny 
cb'nge in ^ causes c corrcs ■'ending in CJ^ . In •■' 'rrticu'^r r 

u'^en a is (oual to 0, CJ^ decreases to 0 ^’S ? apprcacb^-\s 0, On the 
ot’i' r hand for a_ not c.cixpI tc 0^ ? can only br varied frem its nini- 
rnin value to I lar increasing Tik'^nrise^ as '^v^s the case ^^Hen a 

coualed 0, 6-)^ fig''-"’ drnendent cn the variation of ^ for this 

case aiscy and "cPf decrease "s decreases. 

(3) •’30-' con f neater for a not nmql to 0. 

The effectiveness of the combination of I'irst •der'ivative 
n \ erooort.Lonal feedback ("30^' cor ’^ensator vlth a_ net equal tc O)^ 
if ilc lose. n thet cn'^ the *^a.^ nr-t— erk, is still scvo'^’'hrt better 
t^v’n that of t^'*r ’’60” compensator. The favorable asrxet for t'*is 
CO: ^-ensatcr as shc’-n in •^igure i^5 the fact tliat there is no 

lir itetion ';.:lacrd on the v'^ues of cbtainab‘'e. Its unfavorable 
aspects arr t’rn s all range of COr^ nhich is available for ^ in the 
O.l! to O-.L range and the limitation 'lece-d on by the nccessitv for 
stabiH-ty. .'-.Vt mgh th.is cora'f n.-ato- can st.--illze the system re- 
gardless c the v-inr of a (erco'^t for a eciu 1 to 0), it can only 
do so if is greater than the lo^^^cr "i:iits, k^^^^ :f ich are listed 

In talle i-1. Thus is limited tc hic’^ a^c greater than 

V 

'cr** 

Using V' i.c co’"' 0 "nsf tor roots leaving xo^rious combinations 



■"^f 


t 


an-d 




' b sf'lectcd Iv^' carefully var-flng the' xa'^riab’^es 


h" 

c 




a. 


In ■ 


' rticul?ry ^ mjv be "c-rif I in. rith^r of t’-^o va-^^s: 


i.rr 


a. ' ' 


I'j bn p 


^ • - -r’ 

^C ' 


u’fe a re *'ins constant, or Increcsing a ubile 



A 





I 



x-traains conctu'it. .Che .'cri^e.r .'etbe xl”'. c< u- ' T to v r 7 f'rc’Tt ^ to 
1 .1 ijnr.; cn thr ^ ount ct ch”nt- c'- is appiic.d to ]c^; '"'.lorccs, 

tbc ■’otter '-"thod os sbc’.jn by the constant c> ntenrs in fif^Tire I[-5 
onl:"' ’-'rodnccs sriiall cho.ngos in . bilcet-dse, in the co'^'- of 6<Jn 
cbcn<^os Til.] occur ’H'm ^ jncx'res' s if a is !irl ,i constant, or in 
other Tor '.s ’trn onl"" is inerrased. 

(U) ">0" coi’Tornsator, 

is sho'yi in fi.Tare Ji-6, the rf "'f ct of t>"o ''^O” coi'orrnsntcr 

on t’'!<~ drru" ilT sys^'or- ts v<=r"* sini'^or to that of the "30" co'- 

"ynsotcr. -yco'^t for liff rrenccs In the vrfrTs o" k os listed in 

cr 

table !i-l. the stsbii itT' rrri,rlre'’’rnts ore the sore. Tikeuise, the 
flerihility -revided h-r f -os' tuc corponsaters is cuite siniior. 
I'hercforc, because the difference 1 etuec'n the effectiveness of these 
t'fo cov'pf nssters is insip:n.i.fic;-nt, fujrthu r discussion of the "30" 
comnens- tor is unTorronte'’. 

C. Partially sotis'f'octcr- con’^enooters. 

Only c’Tc o"' thr coi^rensators inv''stip;oted - the leoi net”crk- 
is censidored to bn norti o’’ ,l.v satisf.octcry. .'xiraril'' this i’-.p’ies 
that the sta,biiity of ti e ccriinensat'a systems defends not on''v on 
the 1 oTcr c"oin ■'ir.itSj vos th'" case for the "30" and '"’'0" 

cornonsatciT. but 'so on u"" 'er vain ’’ir-its and a_. In addition the 
above a-lso irnp^’ins tl - t t'-’e ■’'le^'ibi' ity rroTiicd b” t’-'is cononnsator 
is >'ore sc "’"•■'itf-l th-n ■'’or ti'ose- considered to be cD'anlntc ’’y so.tis~ 
factory. 

I'Gvertheless, a ccrinarison of fi.yares L-2 and Ii-3 reveals tiiat 
tl'-ere ic also cue other factor to b' t; ken into account vhen con- 
sideriff the effectiveness the lead netuorh. ?nis factor is the 
ratio of t'" <■ cc ' r'nsatcr 's cole to th- t ci’ f ’C ".otor function. If 



n-10 



I 





il-11 



or t * Cr rbr ■ i/’ it.'" occrro fcr " 'i. o" o end k rr- 

— c 



t It rori<^ i^- ■'■b-n or ^o\ir“! to 1 t^''- ■ ■ ’t ect 'cci f’ir^'nrr ’■. 

- -V-. 

er r. ;’or rojrl tc -trr r_ r nr"'e rhrrr-''crr^ tho effect 

0 ^ tf ‘ e opr'' or '-irnrlfer to that o."^ t’ c r • nft-'ork r.n^> rctroV-- 

tin root T cci of t' ^ implement t’xsr of tV‘r letter. Cn t’*r 

of'^rr I •'nd. if ti^^ T'^tio is pT^.' tcr tl an t' ni f'^r roct loci of 

fipnre [i-3 1 -ni tb'^ ’’ ir'iitationr on stali'it*'’' arc rerr ccn^lc: . 

In tds case, if e e ual s 0. instability oersiGtr for va“'ncs of 



pr' atrr than t 



cr " 



if a is near''.'' as 1; ra;e a^ tie i -apnitude of t^' e 



cc'^:''rMsrtrr *s no'',e (a rcual to cr preetvr tbrn t’^roe for tbc 1-^0 
s^^stpn ^ tbrn the r f ’ ecti'Tnrs"- o" t i*^ cor ^ns' tor is cuite a.lrilar 
tc that Q-^ t’^’f Vo nMo'crfy rni act'a'l^v thr t^a' arts of ‘aoct '’oci are 
sunnl er.r ntar^^ 'Vrver^ if ic nucb 'raflrr t^r’^ Vr 3 ' ..* V*fiV 

TJxV- hr -cevVoi cn^ ~ ^ is restricted to ■'a'-’^rrs brt’rer t’^^ r/' "cr 

an''" ’'i-ibs are' ‘'Ist'^ d in t^'l ^e . 

"1. Cor. -"leteV- rr s'-^tir ''’acter^- ccancns'* tcr^r 

Threr of thr ce^''"ensatcrs j.nve <l±r' ted for this prou"'' ar^ con- 
sidered to l-e ccroieb^'’ ' unsrtisfretor in vie’- of Vo "act Vat V^r-.^ 
cause inst 1 i ity to occur in thr ba -lc s ate . Taesr are the 
follow anr : 

(1) first derivative feedback - effret shem by root Icci 
of fimro )i-^' 

('" ) second, 'lariva tiv(' fee ^back - r ^rect bar root loci 

r " .Pi' mu ! -7 

(.“^ ) ccVinV..icr> of sfccr d ier and ’■^rc ^-rticrial ferd- 
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tM- 






for t’K case ''r^'<rr r -to £r^ £ '-c' r-^ ;n‘ 1 > r. rO'-io \nc'^i,v:V . 

r-^-' t/'ir OTSf £\, i"-’ Tor ■•■^•'‘ ; rr- erti rvir"^ cc'''” ot*^rn.t^ i;^ lrrp"e 

cpo'K' , to C"' ' r'icmjxirtf p,- 'Vir r-n ''tinp rn"< tbrrrbv 

ir:'' iz^ tbc rf fcct of tnr sr corid drrivrtive cenr cnent. ^'c^'r'vrr, 
i:" thio is tie cpsr ^ t'^r nsrtion r-'^^ou”^ *» cons:''>rrrl to consist 

of ^rc'-'crtionr 1 fee onl''' ■j'''.jch is net of interest -^rre in vif"- 
of Vr.r fret t' rt it O'^rcl. chanpes tba 'in of the oorn loop function, 
f . or.^olizo.tic'''. 



^r c;,,usf inv. ...tip. tier itc 

!X’Cu'p. it is r:^'t cssf'”''r- tc 'm 
re sr ret c e r o?'" " ^ 1 j. z t.i on . 



to ^'nlr one spstr for t' is 
si: ni.^ iernt conclusions "dth 






T'-^Lr h-i 

k"-\0'T.j\Vl OF 



Corv'cnsator 


a 


Jo’T r 


1 init 


Unnrr 


li-dt 


^'cr 


1 


^cr 




?0 


0 


0.032 


600.00 


0^ 


600.000 


20 


2 


0.095 


I5,'^.36h 


1.7 


11.129 


30 


2 


1.683 


2.957 










.563 


lj.,[i0Ji 






50 


6 


2.5UO 


2.613 
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2.116 


2.688 
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1.7614 


2.82P 
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l.ii70 


3.009 
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To Group 17 - one svstfr second order otor fi:!nction rnd 

zero recess poles in 

0 General* 

Three of trv- sTstr-n?? ,i nv(^sti<^at,cd fal"* into tl'iir pronp, Tliey are 
s^nstoTT’s 1000^ IfO'O end 1^G0. ^’ipixres 5-1, 5-2 and .^-3 ilGustrate the 
Mock iiag;rsri cf thc^e svstrns resprctivcly. iMso sbe^n in these 
fi>'0].re8 are t’-^r roots cf tl'K- unco)i pensatod sx'str^'-' . T^-^o of thf systems 

are stride: wherras, ti r 13G0 srost^m is iiristable. ll^refcrc, the us^ 
of CO: nsation fer Mo lopo and IfPf syst.rns is strief^o" ^'cr tl)e 

purpose of rflocatinp: thr roots to more desiivMe " ositions. Cn tho 
cthor hand lo^oxi^e the MOP systr"'* is ini tie V;'* unstable, the compen- 
sator ^-rill be used to stalHize this syst^^r'. bevortl?^ ^ f ss, in ^acb 
of tbrse throo systems the effect of thf compensator is sufficient"^y 
sr'ilar so that analysis of the grciiV' in i'f'xvrcl is T^arr ntcd. 
r. Cc '^oletel;,^ satisfactory conpen: ators . 

Cn]a^ three of the conronsators investigated irere cempletoly 
vsatisfactcry in nrorb*cing stability or ja* ^.-rovinp stability. Pecause 
ooe of thesf compensated svstor's, 1330, is ^'ore r^ralogcus to syst^-ms 
1030 rand 1230 , "^hose com^.^nvSation is considered to be only partial 
Sc tisfacterv, discussion of it mil be deferred until later. Tro 

othmr tuo Coe- ensaters mil br Iriefly arai-.-^rd bolo‘r, 

(1 ) ^ pc ret^'-'ori' . 

This comutnsator is quite effective in oroviding a favcral:'’e 
variation in the roots of the s:a tcm. It lends con iderabie flexi- 
bility in th-t a irid.e range cf combinations cf the velues of ^ 
and UJy\ is made available. 

Tlie root “’cci for the compensated stems are shoem in 
figures 5-5 to 5-^» In ^^articr^lar , fi^ires ^--1 to 5-^^ illustrate 
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t if cc^Tens'’ ':or, i; t’-i^ "l.-;-- c"- rj.-rtcT' for e. prertcr t>-?n 

• fj’ f s ''-7 to ^-9 ilTust,-^; tf tho "20" cc orns'tor for a 

<n'eatc.r th^n ).» 

Th,o reason that the rff€ct of the "10" and "^0" lae; ccra- 
,cnsatcrs differ i;; dm to thf rrafjiitr -e of tne pc!le of G^. For the 
"10" lar network the compcnsatoi 's role causes pole-zero cancellftion 
to occar 'dth tHe motor function's ’'■ole: 'dierfas, for ti-'a "20" la^ 
net’-or': tha cor urnsator 's role is p;rrrt<r t'-'cn that of t^’e motor 
function. If the ">cle of had rerr rnrde less t'u'n thrt of G^^ tf-rn 
the root Teci ohtnin' d ’■•cu'l ■! have V'Ofr sirilar to t' esr nlottod in 
fif'ures f-Li to 

use of t''is cotnpfnsator tbr> stobilitv r.’rv hr broupbt rbcut 
in a 1' oie-'' Im u]istab''r svst<T sue''' s '••hen-i b’'’ th'' I'oct loci fi'y_ 
urrs and ,f-9. ■Yc’v’'idc^. Ic^ is nc ’e 1.' rgo encuph, st?bi''it-' ”•111 
occur for evrrj v.' "ur of a_. ibf sc rinimr' va''u( s of k^., or k^^,, 
depend tc seme extent cn the vadue of a used and arc listed in table 
3 ^- 1 . 

For bot!' the unstable and stable basic syster”, lag network 
CO" ''ensetion allc''’'s the de'd r-*n.er riuc'" latitude in m' eting design 
snecificatiens, ti^ther the t'ole of t'^e comensatcr is larger or 
sr-aller t^an that of the '^otor funct''cn, good flexibility ’dll urr- 
sist. ti’o fler :d\' 1 ity provided bv the "10" lag network is 

sor.Tx'hat r'ore extensive t'-an th?t r’rc'dded I”" the "20" lag nfi’ cr’', 

"or s’cstcms cor’o<’ nsrt <^d by eith'r of the lag t’-^erk com- 
’''ersators the ^ossi’-de ■’’ariatien in and is extensive, "le- 

rendlng on ’•'->< f- or or ixet thr hr sic s’^<-te” rre stab < , ^ ’'av be 

vai'ic ' fr ■ r s'-rl"! vr''ue or zero to '’,0 bv i^icivasing rrd main 
turning ^ censtantj or ly increasing a "bile nainta:‘n’nr k^ constant. 
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^ ow‘.'.ver^ tre . t:ior is. v^orr c ivc to tho 

tJco. r’r I 'r 1 u.;r or (■•- ■■ ■/ CJrj •*' ' ‘Increp^rd tv 

inorc-.s'i 'r:- '”cr ■"’r'-’ co'^-r-^rnsr-tor t':.- i:icrr"^-t is rd5"ni-^'lr ^ nt 
■^cr rJl but pi'r;, tf'sL Icr r , T. i cr'trp?t^ for the 

' cc ^ 'sorer t'vs incro' :^r. i:-; : uc '■!<'? "o"' .: ^ 1 ^ , vrr'T_n^^ 

-o zr'-'^^o hor ^ lorpc r-e- i; t:- for ".‘-ir or nsotcr ’^or 

;n tb^ rer>'V ej, 

rrir err •li'^ 'V re.ocr brt're<^^ t^r ‘,rf.;->i,o 'rr.biceH ep tbp 
rec s’ 'te'.'- I '" tl'-r ccv' -rn'"'tcr crn^^>'\i- rf uh/ ‘l/c:^ ct ccn'lvte 



ccrrelrticn brt" 


' t V' root "^ 00 ] cf 


t'H- 1000, 1??' 


C' anl 


1*^00 sn stems o 


•b'.ls r. cc ,lfte 


c crnel t i r n is : n r- 1 


'■roV ■ bii it;.' 


■ Uf tc 


the' si^'nifi- 


c nt j :f rcnc*. 


brt'y oT- fv' rc*tvS cf 


T.hc uTCcrv.irns 


CtC'l 


y. tcy;So T-'is 



- tir;n is svr ortcd the -^’act tbet the corrcl'tfon i< preo.t^r 
between the br:, st''b'ir lasie s''"ste:rs \.''or bftvcrn fitbrr of th'^sr 
svctr'Tns an ^ < ’’p -tII" t^sic s’-^stririo horcyrr^ for ^ pr'^eter tb.?n 

this orrrr rt voh is ^r-yy c-eod r'-c"' : o^ ‘ tlTfv s^^ct' s 'orrticuf arly 
for £_ sro'!!^ r^t erf r-^''e"t:; op to t’ n.o Ices e-^ist - t’'p root " oci for 
■•■e l^l.e chrnres ^rr" ”ic" ^ y to 1 rp^ r ^.^'^''ues of to 

hr n ■ b*^ r ^ ■■''•' t: 03»:^ ^r-nipp c:^ o; .* ch -^rrylcX be 

The feet f £.t cvr lo'^ letion in tf'C rcet '' cci Joes net oc^'ur 
is siprific'-nto •h.is su;-,vst'' f’'* •' the rel/ t:b no’' j.p r .one t^.^ '^ol^ s 
cino zeros th- funef oii '' ' Ic- Jnfiucncco t'o root loci thr riost 
's ti' • e ees'^ '■.■ the number of nolrs cv'' r the TV'mb^r of zero: an.', 
net so •ucr the octir'l snze of tocse ' oics on-'' zeros„ 'bus t';is fact 
indie- TO •'■ ii t"'^ r^’ ec'Pr .. .Icru tion te^ b n., Ir in ' trppt.*np to 

rcr.'vlir^ thf o'^ottyo :-.■ 'St'^ s is I ‘ sPi.'.e of ih^ 'o*^ e i • zeros of 
tbf motor fvinc e-rto 

fr.c cither ''ret b(-c-'-^o - y""oi' 'icopt i:. o^r " ‘r; s^n the root 

9 



I 




I 





loci. This is thr the>t for the ’'?0" co ■ j: ^ nsr oor ^ corrr socnd'^TiCc 

uas excellent . «wi Tarce values of ^ « Isc nctod vras t'^r f'^ct that 
all th^' loot loci^ ^>ce"‘t thrt f a_ eoual to zrro^ rnt^r^d thr mcm- 
tive real, axis a^'-rroxirrcitr'* '>• half Tvay betvern the 7cros C'' -red hv the 
nolcs c.'^‘ thr riotor h'unrtjnu T'as, based on t’ ese facts it is ccn- 
ceivablF that incr^aslnp; or decrr a th.r ■’>i stance brt-Tr 'n these 
zeros by so^e factor rill also cause the root loci, entrance oo^nt 
to move b^’- the sar^e factr rr, 'uch a d rncf in the root loci Txr"’d be 
reflected ac * decrease or ir'crerse ir for lar^r val;rs c;^ ^ 

To e certain Ici'^rcr irrm'^irs that norr^al izaticn cf this cc'^- 

pensate.l s'^st' m i^ rcc^iblr T . nV'^ ccnsideri''^fl the iif'^rrence in 
the rolrs an ^ zrros of the ■ ctor functiirie 
(f) CO •:cnsator. 

Cf tl:e tv70 cempensa tors in Group IV rhheh arr con idcred 
to be co' cletclv s.a t:isf rcter^s^ '*'his cnc^ \,y far^ appr ars to b^ the 
most effective. "Vt is it highly capable of producing stabi- 

lity^ but also it ^rovi^Vs ei^'ce^tioral fleribi.litv to the designer 

in a^irj-'ng Hir to select rocts h-^-vlnp a ^i.lc r'nrc of v; bies ^f 

y 

arl » The root Icci cf fi^^ure ^-11 is a ' oed ex' r le this com- 

O'^nsai'or^s ahilit:r to sterilize a s^^s-er-. jn this syst^^m sta * i ^ 1 zaticn 

occurs .'^Irost i^mel'atr^v ^ ith a^orcxirately th^' S'rr for each 

va'^ue cf a. .r esr u-r«ra of ' are '’istr^d in tatlr . 

— cr 

hecause ot thr r-ceptiorrl fl(xib"'itv '•rovidrd b;'r this 
corpensatoib a vii^c c’ oicc in ^ ani COn is r'^ailable t’ rough vari- 
ation of and .^s indicated in figures $-10 to $-12 eny dr sired 
valine of ranging fr^^- that of the uncompensate 1 or 0 for 

system lOfO^ to 1 may b^ oltnined by increasing from 0^ or 
uhile maintaining a constants fikerise^ desired vr^urs of 6c>n mey 
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be obtained b-- ' esj-^v; r. tr ? ,.ii: i- i v. aie ot is ’’ii-itrd 

tir that obtainable for a equal to 0. 

althc;*?'! the effect of' the co^ ■'rnsa.tor on the- three- -aestens 
is b; sically si' iiler, there are somg r.incr -iffcrences ert^ich should be 
note i, Cnc- of these, is the feet that th; v; Tue of K,, 'dien a equals 0, 
.’iff'rs between the systeuis. ^or the 10(^)f system, 1'.^ is f cual ev^-ry- 
•''-‘^ rc to 100, :bj,le for th''.' 126f rnei IleO svstfeos re u-' Is 7? 'nd 
200 re- srecti- . l'% on’-e other 'lif '■ore r^c "crthy of ntioni nr 

is t’.i'" lach Cl correlation in bof' th' con ours and the root loci 

.for the th-roo o’estfr-T. Inis i-": cnl:' noticerbi r for a Irrfc or T s’'a''T. 

.'"•''.'’•'ant' ‘ v5.'‘" ej'f’ the' Tact th.e't '' 'T'eter I c.Cl' pf COUre S"ip>''''le'rice 

-c:: cl ser’^d ' etT-ern strblr and un''-t'l'lr s st-" r tha : bet'-ern the 
st- blr ones, this diff^re-nce is a .■'.'unction of that lrt’"r.'n t''r domi- 
n' tini coai"le-.'/ roots o.f tV'C \mconpe ns.atrd G'a'’t'’ r. hr vc"th<- V s? , it 
is ci[^nidic< nt to note that crccllcnt corrrs cndGuce dii ccc-.ir for 
valo.os of a u;) to rhout 3 ^ nd of ^ to rbeut O.U. 

C. I -rtially sctisfactor- co'- oensators , 

"^hrre of th^^ cor^- 'onsators "dv s’’igv tod are censi^^^-^rrd to ' c 

on]'’ T^ortiail^' s'^tisf-^cter^" in co''’^’rn.y ■ ting thr sy ■■■]■,(■ fo*' rith^^r 

or beto of tore rre'^sors, fr: first i^ t'-'O f<:ct that t'^e com. ^ ns.^ tcr 

"''oe"^ ct "roduci' st'^r* “> it^'" for v'-lros of "iii^c tor ccccn-^' is 

the t’*"‘t tov't -rhrii r Oe' t:i ctn.r - ■ liif of a is c' '''3rn^ ctrbi^-itor on]:' 

cccTira f"cr k --^'thdn t-*'r +'initr ^^pn^:c' of v'^'^urs "isted tn tri le " . 
c 

':or‘'T-<', base^ O''] t’.e ccr ' -e nsa t.’’ on of t' r lOf"' s'''stc"' usin.q 

tbcpr three ccmprn.S'torE is an r'-cf 'vtion bee. u- sc nrit'e=r o.'' the 'lc'’’e 
rrrsons aoply. Tip vert'' dess, t' is s'-stom has b.'on inc‘’u.:hd r.t f'is 
tire because it is ve--.- tc t’ c oth.-r t’-p svs'a s in all othrr 

respects. 
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A brief discuvssion oi the effect of these t'^rrr cc- *'"fns8tors cr 



the bhr' c bf^sic s^st^r-'S foV’o'e • 

(l) Teei nr tTforh. 

Over the effectiveness of thr lee' neti/ori: is oensid- 

er'^'b'^’" less tHen ■‘het cf the t^^c piv \r^ ^"usl.y liscaissed, oert iB) 
abeve^ bole it dors ■■ro^eL 'f conn cnsr-tj.cn, thf ff ectivc n<^ss of this 
coDieen. tion is ot too favorable and in sonc ca -es detriromtal to the 
staMiit ’' of a brsice.'^'! ^ stabl‘d sysbev, Jn - diiti on t’^e fle^nbi'ity 
of this CO"' vns-tor is sonr^^hat r*' strlcted, ’-hJe’' ; i sc reduces its 
eff cctivenc ss. 

rinariiy, the- eff c ' ivencss cf this cor ^ ensatcr d^^^ends 
on t'jc factors: thf size of the conoenseter yole and the relative, 
size of its sere "dth resyect to this :olc. If the yo?c of ti^e ccr- 
pensater i- vrecter than that of the •: otor function then this coe-.-en- 
sator 'd-ll cr<i\rp instaVilitv to occur "cr a equal to 0 as s’ in 
firai.res ?-7 and At the vSe> c tine if a is yreaVr than 0, in- 

stahi^'itv n-y or rr v not occur deneniiny on its relative size ’1th 
r^^ Gocct to the cot' ens.^tor's "^rcifif a" es shcTi in figures 

and r-6 stall^i.ty is ' eint.' inr ' for a slightly ater than ? 

•''•ich is c-rr^.t^'r thnn cnc-ha'^f the size of the cornpensaicr 's 

po'*r. It is ci interrst to else note hr re unat f-ven if instability 
does occur as a. rf'su'^t cf t’-'is cc-''rcnsation, a further Increare in 
gain is ai " that is necessary to again render the systrn stable, 
bon on the other hand, for the case nhcrc the co'*^"^r nsatcr 's cole is 
equal to or ss t’ an that ci' the .lotcr function, the leal tnork 
‘111 only cause insta.bility to occur x:hen is equal to infinity 
as sboToi in firyares g-li and 

To a lessor ertent, the cf '"cctiven'^ss of the lead network 






dcpen s or t-Vti tUf iircci'ornsc be r ±s or unotrblr. 

r/ppp,y ijlustr tf' this c-pn.s; tor’s cffrct on n s;'^st^ 

is rrsicol*’’^ imstrh^r^ "rc'^ t’^rs^' root "*cci cnr r i^ht 
ccncTude thot it is rot r^ossi'-’V to corv^rrivS*' tr m ii.nstrblc systrn 
nsinp: this cor-'' 'f nsrtor ^Hth a eouo.l to 0, i ovrevrr^ for ^ suff:lc**'' nt 
vnliic of con- on r^tj. on lore render ti^e s?rstcri stable xt>rn a, 

iocs not ooiial 0* 

Cre o"" the :^t'ctors detracts th^^- effectivrnes ' of 

the lend netTvor*' is thf limitr tiers -'daerd on tin variablrs a_ and by 

t'"r necessity for str^bi"’ _i t;^. r''np< of corbinations of ^ and 

OYci'’ Vic -n thr salrctrlrn of roots do ■'ends pri -.arily cn a and k^. Tn 

Ocrticular can bo decrc.asel hv decreosir.c and naintaining a con- 

st^^nt or by incrersinp ^ and holding constant rrovided trn man valuo- 

of ]: is G'^-n (Ic sa than f.l ■’"or figrre !>-r }. ’^o-^ever, if tho naan 

c " ^ 

T-a>ie of 1:^ is lar^-e (•;! rut 2,^ for ^lyoro t’ en tl-e effects of 

v^r'-’^in-" a and k^ ''■rculd b^ just the opposite. 

Cth'^r f an thr fact that t>r- ^ord.nat'nr; conrler roots of the 
uncor*^rnGC.ted ^r^sters ar^ not the s^ e, there is onl- one si, a-nif leant 
dirfrrence Vrt-'o.on tbe co'^ '■'>e nr ?"tcvl s 'rs'be^ar * root loci. ‘>is dif'erencr 
is thr "'ret th' t tlv- K., for tho a ec'nal to 0 root locus, althoua'' a 
emstart, as difi^arent -^'or rac’'^ rostra, bcvcrt’-^el rss jn s^'lte of these 
differences V'^e corresrc-' ienc^ IrtYcen the root loci cl" three con- 
pensatevd s*. Gte-''-s is orcefla'nt for ether 't’-.m s^'nall values of ? . 
cver^ the ’^ivitine ^ for good correspondence depends on 
(2) "30’' coi • -ensr ; or ”ith <2 ^ 0. 

^hc use 0^ firv-t viorivati'^^r an' rro*'ortional far iback signals 
topather does constitute ef' octiaT-e co'^rirnsation, tut tl \s cor^ ^rns'^tinr 
<''^'^cct is '••e ^ c^e to t’-^r "^roav, rtio^'^; ^ rt t’"-*n the first 

r-19 



drri^^'^t jr.^e 



) 

1 



f j \rPt 



e'Tf'nct is due rovr to ■^T'orortionp'l - fit t' r t’no first 

*oprt c'" t' o ■'^eod.t'c’- s?,onr-. T±nnrs to s’ c^-^ t^r o'^^ct of 

usinp t^"is tvrr of conornsr ti on on tot', si * 1*^0 ; • ; *1 unst'tdr bo sic 
systrpc . It is ror.di’^v o ^-’or'-nt t'*-rc ro('t “:ooi t^*'- t os r in- 

cressf s t^'e uso fii'^ nos.s t’ o ccrTf ri ro tor ir. ,rcvrs -'Ire. r< cron 

Tor t^-^is is rorr -oor>rrnt if rn^- o-^-prJnr: fT ^ t^■'^' rtj.es invo'^vr'''. 

f'ror Pct cd I of section T, t’^r ryorrs.^ion f or t’ e co ornsrtr-1 o*^on 
loco function F_ in trrps of t’oe nncoif- unss V l or on loon function 



(assu ing G, 



Sifl > io 
S+b ^ 



-here the 
'^hoiu' : cre^ 



coTnDcn^-stcr 



n 35 p S "b b 

°C °u (Stb) + CS-faXS + c) 
a = V' ( ^ 

C C 1 



as c to infinitj 



T? ^ ^S> ^ 

C'c C'u kcCS+aiXS+c) kc Oc 



;.ch rerr.s that, -Jith c rr-hicticn in Rain, t^^*^ root locus of tho 
compensated srEV? aprroac’ifs an inHerontly stall o E?/’ster' as the 
oroucrtional co''’noncut a-proachas infinity. 

r>ue to the nrnio"^inato infTu* nc of a, on^ is Ic ‘ to ’'CP'-fT 
’ii-rt is +tr M-,'inp cf *)sinr " ."''jrst Idi'ivr livt; co ■ or.' r.t at s'"'. To 

ans’mr is nenf , unlf ss out - •■•' tarostri in rclocatinj; t' a lasic roots 

sue'" list ^ and or-o 1' ed; t!,fp uu' c " t"is co: ns; tor r— 

useful . 

Tl'e r el loci of tl'o lOjC, 12;', aril 1331 systci-s differ 
sipnif icontl;'- in just tuo res yets. Cne of tlesc is the fact th-'t 
tie Homiratlnf! co-'nlcr rents of t'-’O unccnoM nvSotr ’ ?; str-s rr^ dif- 
f«^ront- t! e ot'-r '.s tfe f • ct tl- t t’ e for t’ c t’ roe root loci 

for a ' o.url to : ro cuit«^ Ijf ' >r'nt. ~ut ;in s 'ito of t’ ose try 

dif ,'’o rences t' o t'^r' root ' oci are ru -riy sirnlror i or otp< r t' ;n 
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bmp 11 vt'lucB of ? . 

(3/ co; ■ f .^Sot .x . 

iJ.Vo coinponocitor just revicusl.y liscussed, this ccm- 
ocnsotcr 's pf foctivonrss is pIso U'ii, prJ.1'/ ?; ''uncticn of p . As a 
increpsps the lirutinr; ptrin of t’ru stable s’ strm, and both 

increrse. This effect is clearly shoem by t'-r ^^ain contours and 
U c lir'itinp: valiies of kp and in figures to 3-lP end tabTe 

?-l. 

In addition, the limito-’ ancunt of flexibility xrhich is 
inherent in this com'^ons^tcr If? also sio'iiar to that for ttr !'3r"i 
comorpsator (for a not ec’U'l to Unless vf ry small vr"^’’es of k^ 

aro- used only values of ^ and 60^ smaTlcr than those for the basic 
syat^o! i'f,y be obtained, for the Cc’.sr 'b?re the unconpensated system 
is unstable this is true for ell velues of kp. Put in the situation 
viiert- the uncomyirnsated systern is stafe, use of a very si'sll k_ i-dll 
'''rodu.ee rc<'ts of ccmparoble but smaller ? t‘ an that of the 
basic s'ustem. 

for tte stable section of the root loci of ■svatei'is 
and 1 there 'Ices not e^lst any significant dif, Terences par- 
ticularlv for ’ p larve, ’'o''’ev'r, t’-'ere is cmsjderabl(- difference 
noted betuv on the root loci of the stab'Ir anal unstable svstems. Tliis 
dif.ferenc'f . of cours'' . ^ s ''urcl” a resiOt of f 'e differences in the 
locaticn cl t' e unco"' ' ne,- '■e ■ dcr'inetl nr’ ecru lex rcHs. 

3. Coninletel unsatisfactorv comfvnsators. 

Three of t’-'o com*>ensatcrs investigated arc. com’rlctrly unsatis- 
factory. riu,s is hr.e to the fact that tf'Oy fail to comp* nsate the 
basic; system in viiy nay. Ibese compensators are: 

1. first derivative feedback - effect shor-m in figures 
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to ^-Iv. 

siccorv! '1. rivative .fcr'b-.ck - ff'Vct in fipuros 

^-1° to <-n. 

srcond dorivotive 'ironorticnal fee'’br?ck ("IjO” 

cor.nonsrtcr "itb net cou? 1 to 0) - efi ret s'ic’m in 
figures ?-19 to 5-2)’. 

Tn of t> r- f-^jfurr of tbf’S'’ comrrnr rters to strl iijzr^ "urt'^'r 

discu- sion of tber j.s net ’-rrrrrnVi.'. 
r. '’oringl ijiation . 

In view of tbo feet that three syste-ns ’jere included in this proup. 
3 deepe r insight into the Tjroblem of nci-nielization of root loci is 
pcssiMe. , ctually, norneli'/.c i.ion hrs V-ern in'.n cm( nted to icme extent 
by virtue of the fact ttet the.«e tire' sv. tews ’ • v< i-een grou"'ed to- 
gether. Thj.s fact irrAies that any other t"n.r cnOj s^rve s^esteir. 
hranrig a second order * otor function r'ay also br included in this 
rrour provided its frnctj on hrs '-n eou.al mpl'-'r of ’’^oV s and zeros. 
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C , Group - type onr s‘''‘stem •','ith second order motor function and 
one excess role in G^. 

A . General . 

Tt-ro of the systems investigated fall into this group, 'fhey are 
the 1100 and 1500 systems. Tlie component functions for these systems 
xrere selectrd so as to rcoresent physical components which would be 
found in a practical servo system. I'^igures 6-1 end 6-2 illustrate 
the Mock diagram for these systems respectively. 

Mso sheim in figures 6-1 and 6-2 arc the locations of the roots 
of the basic systems. The gain of each svstem has leen adjusted to 
make It unstable in order that a more thorough evaluation of each 
compensator's coinnatfrcv may be made. Pnis, for these systems the 
nriinarv objective of co''nrn''eticn is stabilization: udieTeas, the se- 
conlary objective is thr provision of incieasod fl<'xibi'*ity in the 
choice of root location. 

An examination of figures 6-3 to 6-13 indicates that much simi- 
larity exists b* tween corresponding root loci of the two comcenseted 
-■V''tems. This fact is esneciafly true for the predominating sections 
of the root loci. Therefore, bee- U' e of this similarity and in the 
interest of sirnnlicity, the anal’-^sis of thr effects of a particular 
compensator x:il '' b*" made Iv'' cen' ie’ering both systems simultaneously 
and rf serving further comment for anv significant difference ’.rtiich 
nay exist between them until later. 

r, Gom'-letel”- satxsf actoi''' compensators. 

Three of the cor een-^a tors investig/ ted ircvided come-letei:/ s^tis 
factory comoensation. Tltis lof s rot necessarily suggest that thev ri- 
te be considered as the best com 'oensa tors - its sole meaning is that 
only one repuircrent ■ u-nt be w: t in order for stability to occur in 
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T'f ‘ n: i - ' nt ' 



thci CO' > on .1 :3 "oV , 

I c yr< ^:\y I t'^rT'i r r'i'oi v 



''cr* 



t/v" i- *bh^ cc ^’nf^r^rr' 
■’.rsr- Tr-lij.es of 



vath, tho cicn*^' ns'^tcr ‘fi zcrc;, r'^'o “’•’.st/:! in tnKln , 
bi‘j rf ' nrly^is o:^ the rffr ctr; 'mdnee • b ^ tbes^ ccy''^-enr,rtoT3 



fc"^ Ic'y:. 

(1) Tjpk nftwor’c. 

This comT-c nsstor is ouitr fffc'ctivo in come ns/ bin" an un- 
stesMo s;n?.b ' . It not onlv has V( fbilit ■ to stnbili'/,e a system but 
also it nrovides the desicsit r with consi jnr/ ble f Irj'ibi'' itv in irertinp 
spnrif ica tiers. 



The abit ‘.ty of f'is C 0 Tnpenr-''t''r to st'^bi'’izr c-'n readi‘'y bn 
corfir'iiod by rphoi'rinr: to the root Teci s*^o’an ir. fiyur^ n (^-3 'Snd 
fer 0 , prertf r t'-a'.n 1,0, Mso lir?-’.r‘'s 6 -^ and for nro; " or t an 
' r>hcf^ the rj'fret of this oomnons? toX' r 'blffri’rnt CO"' 'f n?rtor 



polo. 

Thr sni/'o root '’oci rlso pivf ;■ <-cc i irr^ic'tion c.'*"' tho floyi_ 
Vility 'ibj.ci'! is await fd !n t'’ro'itv‘' 'tse of ti>is ccinrfns/tor, "f" v rviny 
b(, and a, various \faln.f s of ^ and CO,^ r.ia'’' be obtrinr ■. Jn '.'ar- 
ticular; some methods ly ■■' ich ^ rna.y be incy.fosf. ■ consist of: C ) 
incrcasinn k while i -aiiitairin," a censt-nt, or (2) inci'f asing a 
while maint’ inirig convStaat. The foi’mer • ethed irill cruse ^ to 
vni'v fror-' 0 to 1.0; 'T erras, the letter gives a ncrc ■’inited. veri/tion. 
Tike^risr, the ^’cst oln’icns iref'C' of i'yrees'nF; U^»\ if to increase 

a T’hile riaintaininr; 'a const/ nt, F \.;s ' a us’ny any of th.e r’ eve 

- c 

metho 'S or combinations thereof, dcsiral le vrt->ir-s of ^ and nay 

bo obtairod. 

Nevertheless, tl-ere are ‘’i’^iits '-hich ’••wst be coerilere ’ 
when n.s.ing t'^'s co"''ern' • tor. Freeuse' of tl’o ph^-sical rd.a.e of 
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com )onents recuired, a is ‘ itcd lin gnitu.j.t 1„ that cf f-'r- isfr n<^t- 
”orl' CO. jcr.sf, ter 's pol^ . Cn t' c other hani, rd,'^''t be ^jnited foj" 
dif'fer< nt reasons. If dcsi rn rccuirements specif a sr oll steady 
• tate vriccjty lap error, t'-en :rculd be ^ir-;ited tc larpe va lii.es . 
'hhus this ■' i'-itr tion could reduce the r-axir'iin ^ available or in 
er'trer c cases rullif’-'' the stabi"! iziny effect of t’-is connensator . 

cor’uarison of fip,ures 6-3 and 6-k reveals t’ r e-ist^ncr 
of sopo differences in the root loci. The.' nriiiary source of these 
dif f erences is t'-'e .fact that t’-e roots of the t’-’O basic s’lstevs are 
not the sar e. "'■''ese differences are c::''ibite’d in tve -jrr-'s: a vi? rkad 

clianye in t!'c s'^a -'e c+'’ the predomine tinr-; section of f'-'' cor-i' le'- root 
loci, "nd differences :n the sr' ent U). changes as a ""arirs. rb<^sr 
differcncCvS increrso \dth a. I.cvert^.GlcSG , the rei'iarks previcuslo" 
rade cencerninp* the trenris cf ^ end "den verying end a 

still anply^ to each syste^". 

(2) ”30’' coryarnsator a not ecn."l tc 0. 

CoTrinensatj or feeainft back ^ ccr-bination first derj* 

and proportional si.ynal (”30” rxnrrnsator ^rith a not exjvl tc 0) Icrs 

eff ectiv^^^k'/ co^'f ens-^te - t’^oufk not as txII, as t’le Isr netarorl- - the 

systers in t’.ro 't.vs: it r'n^'uces stabi'^ity and increases V-e f*^ e-'i- 

bi*^it"^ rvailab*!^- for root relocation. 'hr fleribi^it"^ provide' 

V^'is cc"^'"''rnr- ter , as rer'kPy Va'' the rxet loci cf s 

and 6-3 fer Burster, s 11 3P and ls 30 S’^ectivfky, prrrits the drsipxrr 

a relative Ip* aride lection of ? and 60^ tly^'t c"n be ^cc.uir'’ 3 by 

variaticn in and a. Usin^: this coaa.ensa ter, desired vr^'iics of ^ 

.nay be obtained either by increasing k above k ^ hJith a censtrnt 

e c y 

4 

or by increosiiig o_ ifoile fs rnnintoined constant. The fenrer 
method cruses ^ to range from 0 to 1 as k^ increases idiile the 
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I < iM 

^ilb 0 3M 
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lrtt(-r rf c:l cruarr 



ri;t c'n. ikc^'isr-^ n dcsir- ’ In ircrcrsr 

d' CJrn h" oVt.-'rifd ci *c’-^ tdr '-•ost ct^’ions r-rr : 

ir^crc r F/’ r'lilc rri^ dr ^-‘trrr ^ rnl constrnt or dr creasing 

k r ccnstant. 

c — 

r-ily t*^^o dif:’''v ranees hp.vf' 1 <^nr; notrd be tvrrn tn<^ root loci 
of tbn 1130 r.nd 1 S "30 F'st'"^^-s. end tbes^ am r^lativr/’''r sna'^'^. T\^e 
nost slrrlficant of 'n^Fn ii.^f <^'rcrces ir t^'^r that t’^n sir:d- 

l^:rity be tTxcn t:*-' or " lo'an' ting see Lie ns of €:ccb systein^s root loci 
..iisop^nars for y'^uys of less f'-rn '\2;. Trbereas. tlic sinilsrity 
j > r"" ' ood for r-'ros of ^ greater than 0.2. The other difference 

fret that the root ’^cci the 15>30 s^^et^r" contains tuo ccr- 
sections. ' -verthp'’^ ess . the a.ddit.‘cnrl effect of this second 
sreiie ’ is e^ 

(3) 'h^O'' co:'^rrnsatcr. 



fit’ cn.g- t’ is cor'xnsator does nrevide sr tisf .^ctory co!"i- 

rrnset or cf t’^e. e. it is not as effective rs t’v t''"c .iu'-t 

or f vic--‘Sl^^ discussed, n-ile it does grovide the s<' o degree of sta- 

bfity t^v. fleribi'^ity nrovided is ccnsidcr^'b > reduced. In particular^ 

the novssible tv "res cf ^ available and thr rrethods of obtaining its 

variation though usc' of the ’’hO*' corirv.nsator are cuite "f .ited, 

shoTvi ii figures 6-9 and 6 -lCg variaticn in by changing a alone 

is mr*'^ s all: homver. (jJ^ may T^"- increased signific-ntly by in- 

cr^'-asi eg v.tiile ma.intr:*nm'" a constant, fut incr-^^s.urg ^ rom 

k vaintadnir.g a. constant -dll '^Iso cause ^ to from 0 

ex' 

to 1 '^rorn^''ing on the ra rn: tu:'’e cf k^. Chus^ b'^cruse rt' the r*^- 
str'etions usu;-:”Iv laced t'^e' sel^c mn of , t!v f ] fa"!!; j itv 
is rise restri.cte-b 

f ;c root loci for th^ t^rQ ccmjy ns':^trd systr'is shov close 

f-l*^ 
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sinilpritv. The cniy siynific.-nt difference Ties in the feet tHet 
the roots of th( two uncon'pensate d systf 'S differ in number and lo- 
cai.ion. This causes the root loci having the Isrpest nurrber of cole-s 
and zeros to be more conolicate d, but not too muc’' ”it'^ respect to the 
predominating section o:*^ complex root loci. Therefore, these p?r- 
t cular sections show close cerresoondence in aT' respect' . 

0. ^a.rtiaV’y stable compensators. 

'pT-o of thf' co''fpensatcrs investip' ted are cen iwpcd to be on’’'" 
partial satisfacter" in compensating the system. Tli.is is 'Tu.e to 
the fact that thry dp not stat ilize an unstable s’''strrn fpr e^mry 
value of a. In one ca-e stability is rea'^ized onlm for values of 
a greater t' ; n zero: ’n t^'>e othr r case, stability occur s only for 
lew va'^ues of a. A ’"orc- Icta-.iled discussion of these cemnensaters 
foil ous. 

(1) Lead network. 

The effectiveness of the lead network in cornoensatin t*^is 
scrvc’ svstem is oensidf r?'bl li"'itcd. It will not stabilize for all 
values of a. In addition, w’-en it dees succeed in stabilizing the 
basic system, the fle^'ild lity wh ■ ch it provide s t'- e desimer, Tdilie 
SO’ f "’hat similar to that of the lag network, is more restricted. 

As shoT-ai In figures f-3 to b-6, th' criterion --h'ch seems 
te determine t'-'is comim.-nsator 's elf: ;,ty to stabi'’ize is the size- of 
a. '^'or all the ceses inw stigated,'yce’it the one shc’-rn in fienire A-L. 
the co’"Pensatcr does not stabilize t^'o sys- '■m -’'-'en a_ ecuals In 

the case w' ere: stability dors occur for a epu; 1 to C (shc’-n in figure 
6-h) it is only "larginal, and therefore, it is not a good compe nsator . 

oreover, e-ven theug'’ the value of a is a. r ropriate ly selected, sta- 
bility onl'’- occurs w rn k^ is greater than the values of listed 
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in tnble 6-1 . 

The flryihi'^itv nroviied by tl^is ccrK^ener tcr^ ^^ile 
sr^iiler to thr-t of thr lop; netT-rcrb^ • etuel"'' s<"ons to s\^ 'pl^'^*'''nt it. 
This cm bo obs^;rved bv coinnarinf? thr cffrct of both coiTOensators on 
the root loci o*^ any one of fipur^s 6-3 to 6-6. Not only is there a 
lack of a radical transition between the root loci of the two dif- 
ferently compensated systems^ but also the values of rvnil abl p 

using one cornnensstor supplements those available using the other; 
and yet, the method of varying is similar for both. Also sirailar 

are t’^e methods and extent of variation of ^ . This can be varied 
from r to T bv increasjng k shove k t-jhile maintaining a constant, 
or it can be ■''sried to a lesser extent by increasing a, ■’..’’nile main- 
taining k^ constant. 

The only difference beti-reen the effect of the lead nf t- 
vrork on the turo basic systf:-. is can be. attributed to the small dif- 
ference in thrir unco^aensated root loc-tion. h’or T gi’eatpr t’^an 
apvroximately h,3 there is no signi'^ leant difference, but for a ^ 
less than this the CJ^ available in system 1120 is slightly less 
than that available in system 1^20 . 

(2) '' 60 ” compenssitor. 

The effectiveness of the "60" compensator, depending on 
the value of a used, can be either fair or cocr. This is due to the 
fact t!'at ■’■imitations placed on both st 3 bi'’.jty and flexibility depend 
on a. As shevm in figures 6-11 and 6-12, for a not grea ter than 1, 
the general charactej'j sties are; stability occurs for a equal to 1 
or less, all ’raiues of from 0 to 1 are available, and a reasonable 
variation In is possible. ’Tovover, fer ^ greater th.an 1 the 

reneral characte^i-isties are: stcbi'’ity defends on a, all ros'^^ible 
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vr lxi /\3 of ^ ' rr rio' r’*^r J i r 1: 1 r , ' ncl v* ri^ticn of CJ^ ’3 J3trlr*.t^ ] . 

'\)rV rr ion c" ' s co or cm 07 Jivi ~t 

into t"c ■ rtG - - rrvucr 1 rn^ i net , rr^tei:' t'-n- 1, 

If c iwS not , rr trr t’lm 1 tl’-in conr r nijo tor is net only c£- 
rlf^r cf strM’’ ine: rn.t '‘"so ' ;-3 • rf*' sen-blr 6.erv( ^ of flro^ibi ^ i 
rovi i^ ■■ 01 trr coi'''V'rnr'.'tcr is rT^-'^^^t^ r t’^'m t>r nmro^^riote vr1im 
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f listca in to] I<^ f- 1 . co-'rrnsotor ’il'* stabilize fr^ 



cr 

roun Y s'^^sto: 



’o-'T^'^Tr, :^'or Ic^, Irrre (oo^-rcrir'rtrly IP for tbe 



cases invesi 


r'i-'.-t^d) t' c g 1 v 


■’ iiit;’* 


cci'f s only r 


nr rr;; naf. ' 


sot to 0 . 


n 0 r 1 0 ^ ”1 1 tin t' ' 


;',vn if ’ I f e 


is f rvc>rrb' ( 


' in tbrt 


cP ^ frer- 


P to 1 are 0^3:' 


■P Ir Tor '' 


narticif rr 


v: "iir of 



]: is v^r:W i n "ro'^ k : "tiilo, c s^ r'jler rrnrf of incr'^mc in 

^ is ;;csriMr bv irierr rs:< nj! r os is nsi.ntrirrd constmt, ilso 
• vrrirtio?’ Iv m prrti cuTrrI;- rith ^ in tbr 0.*i to 
j.ves c rri^scn-b’^c selection ct vrk.K.s of . Incre''sr:s in OJ ^ 



cm b'- cbtrjnc d by incremirif; m 

Cn t'^r oWm.r brnd^ ^f>^er n t; kes cn vrlues prrrtc-r tbm 1 the 
situ' bion ir iif^^'rrrt. Stobilit;'’^ ’n.11 nqt qrcur ^or slf 

s« .'S 0 i'- tt'^r y" Y:rt, V^r sy^'tc'^ bcconrc imst^blr ^ tr’^rs on 

V/bo T.y.liu-' '"'"ic’' t‘ c root "^cci to breo^ ^ rs;^r:totic vith ttr 

i>'- ^-‘vrry r*'"* s (tbi- is 7 "or t' o lldO md lo'to s’-Gt»^r.is ro- 

G'“octirr'- n V ), ’t t'nr ti r tk p ti enibi.l ity is rr 'uced ccnsi^cra.bl"". 

■'r r"l ic O. -'vb" -t-if- ms ect to tbr ''’'• riptio^- of ^ , to a incrnr/ cs 

<rl rvr . f'rr'' r]r -r o*':'r> •' Op-|jfr r* n' for t’-p v^“'u/s of 

ore unoV'tr.t. I.' V'V , Yrncr, os a roToac’^^ s its u r-^rr j 'it mr;’" 

la-T' c '"n. vf r " s all vrlu«^5 of ^ arc still rvailablr. In adjitionj 
rltbouph rolatj.vrly large vriuos of ra;' be sole^ctcd. the veri- 

rticn pcsjii le in Icccmos l.rss C3 ^ c ‘ rorcbes its "irit. 's 
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?r for n. fr the e^lecticn c^ ^ is li^^iter] 

1'^ to lf"ss t’ an ^Ji or :"r<^rtr^ t’-'^n 0,7 is 

cert'-'in'*'^’' unff?vcrable for '^ost servo rnnlicaticns. 

The root loci -^cr +he tvo co prnnatc • systrrs s’^cv a con- 
si UrrVlc dr -V’na of SV'i'’ a^^it'": ho’-r^ver^ r fr-r <.l,if O . j-r.ppr s io a-^ist 
dun to 0 cliff <^'re.ncr in the svst^^r hs -neer’ ^nsated roots. I'^'* or\r con- 
siders only the situation v^'iere a does rot erceed thm t'-^es^ dif- 
ferences are nc-arly i.nsi.rnific^ nt. The rrirnary one of thesr is th.e 
fact that good coi^rrspondcnce bctw-cn the icredOi inate sections of the 
coinolcx root loci no ’lon:'“er occurs for values cf ^ less than aVjcut 
e. 0 

J * L m 

('^) ’’1)0’' compensator i^ith ^ eoual to 

^cr nominal Vefurs of a tha cembinatien cf secorid derive ti’^f 
and nro* ortional feedbacks do*^s not orovide sa tisf acter:’' commens-^'tj.on. 
"s shc*^n in finirrs f-1f^ and f-l) s- tisfr cter*’' com'^nsrl ’cn occurs only 
after a is incrar.er ' to thr ?''tent tlu t thr oro''orticnrl com :on^nt of 
the •Terdbrch ei^Tial •■'omin' tr s. Tren t^'^is comnensr tcr C‘ n mere an:‘'ro- 
nriatrly be considrred tc consist of ore )orticnal feedbacb ^nV^. Pr- 
m-use t’-^is t’^'^c cf comnrnsaticn is no '"crf than a gain redu.ction in 
the open loop function it 11 not T c Useusse ' rny ^'urther. 

D. Completely unsatisf r ctory compensa tors. 

Itjo of the conpensaters inve stigated mere censider^: d to be cor - 
nlctoly unsatisfactory, 'i'hcsc are: 

) first deri'^ative feedbacl' only - shoim in -^'iguros 
to 6-6 

(2) second derivative feedback - shc‘’0' in firm'^s 6-“^3 
and 6-l!i. 

Tnese coi.nensators ’^err corvolet^^y incanal-lo c’" stabffizine the 

6-^2 
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tT-ro hpsic th^r^’^ore^ tr^r-y -‘ll net tr riiscussrd .^ny ‘^urthrr. 

T'. ^'crn- liz^^tion. 

In vi6'-xT cT tb.e fret that tve Gystr>'\s hax/'r barn inclu'led in Groun 
V, it is T'cssjble to not^ tbx derr^e tc "^hich ncrin'Otzaticn has bran 
iyplorxnted ^alth revSn^ct to this yrouohs root loc ’ . V ccirjpnriscn of 
ti-^OvSe root loci rovor'^*^ t^e f'xt that aV^ t^e rernrrVs yrdn in section 
5 TTith respect to th^ nerna'^ization cf these root loci a*^so anolv in 
this section. Therr<‘ore one is rrf-^rred to sections ^ and 10 fer a 
detailed discussion on t>^e metl'ods cf crten.iiny these plotted root 
loci tc svsterns Tj’--*ich are nearly sir.'ilar but x/hoGe parrm^ters are of 
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TABLE 6-1 (contd) 



Cornnensatea s^^stem 


a 


^cv 


Kv 


1?30 


2 


1. 225 


3 . ?7P 




h 


0.3' 2 


S • '^'83 




6 


0.137 


7.C21 


1160 


6 


2.31-0 


2.1i9lx 
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2.116 


2.f'6'’ 
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l.i-70 
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15^0 
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7. Grom? -'nr, -^ouz'th order s-’^sto' . 

This ^rc^i,:' consists of s?^strm 1C0(\ Tt is r t’^e one, fourth 
order systrr. The block dia,;:'r; m, alcnf; "-rith the unco-rioensate 1 roots 
arc shemn in figure 7-:^. In the unco? nnsated condition it i.s unstablr, 
having two corinler roots in the right plane, 

P, Gorrr^lotolv satisfactem’' corrornsators. 

( 1 ) le ad ^ V t-^ ror h , 

The loci for t^is conornsrtor arr shmin. in figures 7-2 and 

7-3 for a less than 1 and a less than h resnectivelg. These notvorVs 

are canablr of stabi"^ izing tin* sgstoiT) c: c^pt for the ‘^irr'itinr "v’^ue 

of a eaual to 0 f or thr^ rrastr'--^ is uiivstab*^, o. /■ cornolete range 

of ^ ^ fron 0 to 1 rray be ebtr-jne-b ’ the band^ri.dths are 

ertrerelv sr- 1 1 for o“'tirim '^T''urs of ^ fror J- gQ jp ^^rnera'’. 

the higher vr ^nss of CO^ are obtrinahlf as thf vr'^ue of a ap' roaches 

the V' due of the co^' Of nsa ter ole. This is^ in effect, aorrcachinr 

.mrc TC-orticnal "eedback. 'onevciy it * ight also It notice 1 th': t 

stability would repuire greater than urdtv feedbac' . In general^ 

the value of ^ increases and 60,^ decreases as is increase’. 

There Is -Iso e -^.’iniwim cc'’ ^rnsa tor gain, k , which mist 

y cr-^ 

be wet for stabil it*'^. T' is va^uc is in grn^iwl Idgh. A *^ist 

of for values of a is in table 7-1. 

(?) first ''eri^vtive ro .crticnal Tee-uf ^'Ct', 

Thesr loci a- in firure 7-^ for a -"meater than 
Tiire first feri^^^ ti r-f* feelhac'.- (a eoird to 0) is unstable and it is 
anr^arent th' t the orcoort - ena’’ conponent has an ii'^nortant ef d ch on 
the corapensa tion. A complete neo of ^ hs ere ad sc available TgLth 
this CO" ns^'tcr^ hut its bandwidt’" for ’dgh ^ *s I'lr itrd, 
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Increasinc the -"rlur of a increases ^ and decropses slighf 

’ ut its effect is not tco notice''b''c rbeut a ccurl to T. Increesinc 
also increases , hut decrcasrs COo . i-here is also a niri- 

rai'” vine o’" rain, to ho r-et for stalility. It is i'^nportant to 

9 

note tliat an inci-f - se of a_ reduce s k^.j, (.jUite considerably. 

(3) " 50 '' co*^oensator . 

These loci arc s’'C’m in fifure 7-5 for the normal ”e'0'' com- 

rc ns a tor of G a. k ( S ^ 4- . .T S±a). Flf^re 7-6 also shc:-'S oci for a 

^ ^ (S + ^ ) 

rr^odifiod corn:ensrtcr of G =: k 

curves rs b iras vr:ried from 1 to The- norm^'l coMp^nsator has loci 
very si^ ilar to thy first 3'lcriVc': tive plus p roportional fcciback co^' - 
ponsatoi . In fyryrcl^ there is not ikuc!) chan[;e as a is raised above 
the value of 6. '"ovover^ it should be noted that the "feur^* roots 
beyin to increase their j \e' luc and this might have some nc- 

ticeable effects, A cemrOxt^ r. ngf of ^ hs are civail -'ble^ but 
again the bancrricJth is sc'ic’^hc t lirnitcd. As is inerf c?.sed^ ^ is 
incr(-ascd and is decreased sl?ght]y^, Agecin therr is a minirntijn 

■'^cAue of k for stebil it^^, va’^uro of "raich arr given in table T-"* . 

A1 though this aonears to be a fairly favorable cor prnsator^ it is 
sho^Ti in fi^nire 7-^. that if a is i^e1d constant end b is varied, it 
is v.'ossible for the to leccine unstab*^e. This ’nas the effect 

cf roving th^ systrn^s corfa.Gx:" zeros to^Tords the right hand plane, 

0. hartially Sctisfactcry compensators, 

(1) La.g netuxrlc. 

These loci ar<' ri^rn in figures 7-? -nd 7-3 for a greater 
than 1 and a grectrv than ? respretiv^^dy. "Tven theug’" this compen- 
sator is listed -3 only martial V.r sa tisfacten^ it is r^so the most 
flexible, and probably thr lest, coaimensator invc'stigr te \ It is 
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satisfacter" siner f' ■ 
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cf va'^ufC of a, a idf 
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the lever "'I’lrs of a, 
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Tjill increase sncl CC> r\ '"ill drcrcise slip;htl’/ rs ccr'-c ns- tc’" "-'in, 
is increased. l?:f hcTding: k^ const'nt and incre-rninp a, dn 

incrp.'SP. i' t' <■ ' ;V j.tlnr cr -^r for instabi"' ity . do’-rr-vfr, as 

rravlcusly r. f nticnrd. T'-esa x’T''ncs ar" s' c’n in ta-de 7-"!. It slorld 
also bo notad that tha o’.rrr ccrpansator nola (1C) is more; satisfactory 
than the larger (20). 

(2) Second derivatiya rlus "rc:ortionail feedback. 

It ras found 'that pure second derivatiya feedback nas co - 
,_'lete''y unsatisfactory, but that the system cculd br stabiliz<'d by a 
'■'igh amount of proaortfonal comncn.'nt, a. Tl’esr loci ar': "iven in 
figure 7-7 for a greater than 0. ''are the ccmnlcr zeros due to the 
coenrnsatcr are Tccate'' on t!'c COc a "is and increase as the srixare 
root cf a. T!''e systa * is unstable for lo’-r yabics of a but beco^^rs 
stable as a is fnereasr;. Aft^:i’ staibilit'' is attained a -Tide ranpe 
of ^ 's and On's or' ebtr irab’' e . kote th't the niniyar coa- 
u’dar main •''or st^b- it’’-, . is varv 1 o*t in t'lasc cas's. Ctber- 

”isa f a loci "re ^rev'r si’-'ib' r to the first derivatix’’( txIus ■'ro- 
porticn a 1 c cm~e n sat or . 

(a) "60" Go ''nsator. 

'i''’is cca'-cnsatc: is ca^.>ablc cf stabilizing thr s-stem: bor- 
ever, it has a xy-i" ‘’i ited range for yfues of a_ to be, effective. "s 
seen fro’ the loci in fita-r'' 7-^, increasing a_ t'e"ond a ’ee of 5" 

’■ril'' ""a'-'e t/'-' system co'y"' etr''" unstable. For ■'■clues of a so:-’e"''at 
lo'Ter t'^'ere is . both a nininu- and mapeiiaum m^iuc' of coxrxxter "ain, 
k , for stability, for o/eri loxvr "'lues of a, the s'-stri- t'^en 
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brconps cc ■cl' trl-’- s ...-'!' r’rcvf r ’'ini' cu. "'esc 1' ttrr scr-r’ 

tc I'C f'.' or' 1 r ■' 00 . r ■'■■.’ 0 r. In ''■■rv'r. cc"’'' c-tTI 

’r,-1-irO o.'f' C/Ory "Vr cl t<'V' Prbl O ^•0'). tl r CO HS' tor '.'.O*'. S not poprpr 'bo 
bi~ c3 'ir. sir-'bTr rn h!' r ninci o 1* .1 or lee nct’^cr' . I'bTo 7-1 liv' s 

x'a'’ucs for criticrl rx'-i'' . 

D. Corible'bely unsetisf, cbory conpensetors. 

Ilio follo':rinb coopcnsctors incauable cf stebiTising the 

syst' - : 

(1) e.re "irst Icri active fr'^dcack 
(?.) Hire second dcri-'-tive .fccdbrcl . 
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TABL2 7-1 



AFPRCaI ate t-T I'Co CF oTaEILITY 



Componsator 




a 




1 i t 




1 i ’•'I'i t 


K. 1 


1 ' 
1 " 
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10 






0.8 


2.8 






10 
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0.5 


2.3 






20 
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3.6 






20 
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Grou" "/'ll - cnr rr^si r. ' ■’rith sGCoriG order >'-otor function rnd 



three er'cesri .oirs in G, . 

6 

A. Gcrierr'’ . 

OnV'- o-e of t'eo s;'stci s inyrotigeted' fells into t is gron-. The 
blcc’c dirgra'n o" t'ds s 'str- , t’-e 19G ' R^^^trr. is i"i ‘’nstrated in 
figure G-1. 

liXso sncTjii in i t'rc rooti; of the unconrr nn.nted S'^stfn. 

fec^^u;'e thns^^ rod:.^' inXic'tc the prr ivj objective of cor- 

rjcnration is to stpbiliz.e t’-^is syetc'*, '"cTTCver. because desim sxci- 
ficrticns extru'-" f^\rt’^rr t='‘'n just 'leinard.lnr stability" tr^rr^ are other 
rccuirccnts fer cc- nr nc::. ticn. TIius a sreonebrv xint to be considered 
in observinr: t^^r cf^’ect o" the ccr,rf usaters is the fle^ ili^ity nrevi 'e ' 
by use tl^.rrecf , 



?• Cor' lctr~'^ sr tisf actor ' coT'rrnsrtcr . 

Cl t^cr^ ^.rr'^'^stir^rtr C orf '^ co rns: ter ’>es c ' aider cd to be 

cerr letclv sr ticfr.ctorv: t’r-t is^ ’’inite" in its ca*'^r.city to stabd'^izr 

only by the recuircrent thrt be f^rr;-V.r t'^r.n e iniru rain 

c cr 

riie rcot loci of t^is cor'ir nvsotcr . th'" so c:'"lrd co pensotcr^^ "re 

Ghoim in fifurc C-?: and tine values of Ic , nhich droend on the -^rr^iue 

cr^ 

of are listc:l in tabic C-1. 

Although it is r fact that the corpensatcr i the enV^ one 

investigated x’'icb stabilizes regardless of the vafry of a, it is ret 
reant tc be ir^'icd that t’ is is the '-ost effective cory ensater, 
.Actually the effectiveness of t* .i.s cc-^’ '^ns:'t''r, ei- no vorsc^ is 
also no brttc r b'rr tt'rt of cr^c> co^sJA.crrd tc be ''artially 



5 atisfactoiyy Thus, in s ite c" its ability to ota'l i'' ize^ the flexi- 
ilit'^’* o'”’ this cev^^^'ns'" tor is not too si^ni’^icent. 



TVvrrth cl rss. because j.t is aun" icable to all co^'mensatr ' 
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in t!iis fj;roui:.' eycc t s’-rstcni 19^'0, it is of vciiic to '"ntiori brief, 
the v:n"ir<ticn in ^ and ific’’ is possible using tliis cornpon- 

sat'^r. ' sscntJaldy there arc t':o inetho is of varying ^ . fVir vay 

is to varv k Tiiile yc'inta.injnn constant; tfr other j '■ to \’yr"'.’' a 

•' c — ' — 

■’■’I'iTf holding k censtmt, Vhe fcrni'r ’-rt’ cd j l'’..0"S ^ to va.ip,’’ 

froF' 0 to ■' as ]e increases abca’c k . The. littci' n.^ t' o 1 causes the 
c cr 

variation in ^ to be ' cra restricte’. In the- case of CO^ 
vari-' t? on r'a-<’- be cause' "ov •'|•al■"•;■nf■ a. ""c'Tvcr, its range of vari- 
ation is not only svallrr but also less censistrnt than that of ^ . 
Thtis ••here, fleribil it-’,’- vith resncct to variation in is desirable 

f'is con”oensatcr is definite''” nc"'" too favorable, 

C. Partially satisfa tory compensators. 

i’ivo of the compensators investigated are only partially satis- 
factory as a coranmsa.tor of t!if basic syster . ^hc reason for eval- 
uat'rg these corr.'ensa.tors s”ch ia t”o \ ■ irst, the comnen- 

satcr ,’.oc3 ot ”ro‘'/lde stabii izaticn for all values of a_. and second, 
t't coF'oensator onl” induces strli'^-tv the gr.itude of is 

’.d.t’'’-in a rv.a''l finite r'nye. ' if^er one cr loth cf t'lese reasons may 
svT,l-' to each cf the cor.ccnsators discuss'"d briefiy br-c", 

(1) network. 

‘'ependirr cn the I'atio o." a to tli.r r.iarrrftude of the comm- 
satcr 's pole, the rcct Icci cf fifyircs 6-3 fnd 6-U s’^ow that the ''ar 
nct”cri. cc nensator '-ics t*" degrees of effectiveness - fair or pocr. 
’■jlien this ra.tio is ernsider; b ■ ^ larger tiuui unity, a.trinpcnt li. i- 
tations on a_ and are necessary in order to insure stability, Tl-ese 
lii litatirns, coupled rrif" the fact tha.t roots having ^ in the 
desir-Me P,h to 0.7 r; n.re becore unobtainable, re luce drastica.lly 
the effectiveness of tf-is com c ns-' ter. Cn the ether iiand, better 
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"'ri'l c - ' ( ^ :^rnir >/ •^- oi cf ■^octi"'P:n' ss is 

cvai'^r.l^c -r-I-io is 'ct ucb 'T^--/r t’ or; uirit . In t’-i.s 

rrsr t’ ^rr 1^ cor\ J/j si' i1 rit\^ V ^^t’-r.rn t- if cop nsrtcr end 

cornnrnsotor. Tiro iv.i'T r ^p-rirticn in T is sir i^ or and 

t‘ici,t in CJ^ is s^irbtiy brttcr; but thr- ceny^ nsc? ter evrr all 
fleribilitjr is still less due to the additional lirdtatiens on k 

c 

and £ arising frcru the need to rrint-in stability’'. Tnese uoper and 

lopTr Units on k arc listed in table C-1 . 
c 

(2) Lead net^?ork. 

The effectiveness of the lead netTjcrk in conprnsat;i.n(; the 
b .1 system is euxite similar to that of the lay net'^ork: hoTTrvrr^ h^'re 
only co. 'solex roots havdir: values of CO are avrdlab''e. This 

fact ern rradily b»r vrrified bv refe^rrlny to fipir^ s 8-; or 8-li^ "rhich 
she-" th' root led bet’'’ ccf ■ ns.- hr i rysirr.s "^otted toe;et^<'r. 
iliirstrate th^ det drt r rr dc-i transition betTrer.n t^ r ro^t loci 
causc^'' 1*' use of thr lead / nd l';y nrtucrlrs does • ot crist. As a ^r-ottrr 
of fact t’ e " Sf r-i tr suppleri^nt each cthpr. ’k nc(p, c^’ce"t when a is 
equod to Cy the Irr d net'jcrk can be censidrred to reorrsent the lag 
nct:rcrl: udth a li- Itod to only snail values: <.nvd thn rer’arks made 
relative to th.e lo.tlrr also a;pl ' to thr fcn'c r, 

Tf a is r>0U' 1 to the corr.prnsated s/'str: can not be stabi- 

lized u.sinr; this cc’^nrnsr tor. "'cr-'/rr, for not ecuai to b. stabi- 
lity can l^e Induced in system provided 1:^ is greater t’ an the 

' ini} , k . sr “i^rs of k , •'^’• Ach. dr er-u. on a arc ^'isted in 

' or or ‘ - 

trble -1, 

r^') .’»pO'f -^ith "•"'t CC\ir"> to 

i" <: ' f^cc'ft errors ' n-r t ‘ s cc’ Arnsotcr • ’rcr-- sj ^ilor to that 
of t’’'r lo'.p nft'"ci;bt ’ r^'evr rpj t’^rnr Is cr.( sign.*. 'I lc.* iit di:"''^b iv nce -^'b^ch 



• alcr:s t' ±3 cr . 'M -r . ■ Som ewhat ncrf: ^i'frctivc. TrSical^y this iif- 

ferf'ncc l3 t‘'(- f; ct t!'at t’ r rc:"plf.r r^ ct loci ar<^ ori^' ntei in siic^' 

'^rshion t-^rt the i na'in^'-r^' r.ris hrco' cs Vre rs^r iotr for a suf- 

f?cirnt^y Tarp^', THuo^ rs thr rent loci o^‘ ^i^aire P-5, -an 

ur'^''^rr lir^it or of cnly erists T^arn this Irrrro val^je of 

£_ is eyce(^dpr]. !<s a rrai’^t t! c I 'nitinf va^uo cf a (that ^^hxch crusts 

co' pl^ ke invStal i’’ itv i-f' ercor ded) alonp idth t’*'at cf k^ arc irmch larpcr 

than thosr d for thr "’ar nct’^ork^ and the r ffectivrnrss of t^is 

cor'>^rnr:"tor is i -''’^rcv<^^d l ess , r Irarrr Ijnltinr of 

rrists for t-'is ccn^msrtor an" is listed in tahle P-'^ . 

f\s cne nir-bt ex'^'ot ’'ro^ the si'"'il ar:’ t'^ of this and thr 1 pp‘ 

nft ork corerns* tors, thr mrthods cf cl taining partic\dar values of 

and ^ ara also the sar^e. Consecuently^ oxie is rrffrred back to 

t’*rt divseuGsion for the l^'g netTjork for further inJ'orinetion on the 

vari''t.icn cf t>r rr ■ca.re>^^ Vrs. 

(h ) co^ arnsator th a not ^cual to 0. 

The lire of second deri^'entive :^eodl r c' ccr-ibined 'd.th •^■rc- 

^ortionri fof fcack (t' e ''liO’’ co’^' rnvSatcr adth a not ecual to 0) ore- 

vi'‘y\s conrv n.^at"^ on H ch is sc'^e''r’'rt rere rff active than that of the 

cc^mr neater . In contr^'st to the la.lt^^r, thr ro"t loci of firurc 

P-^ indicatr tkat -"''rn a js laroo the -diO'’ comren.: atcr is -Ir-^a'^ns stablo 

for k^ orrater than k (^’'alu/s of k are "^isted in table P-1 ) but 
c ' cr cr 

d-en a is sr-all ins*^ ^bi i.t^" occurs. T’’us it is ocssible to draw 
an analogy Irt-vm t‘ e-' tve co?n-oens*^tcrG. ibe cor^f'nsator for 

a s; all gives nrarlv th^ same poor effect noted for V r '3f" cenron- 
sator with a larpc. t the same tine tke comocnvSatcr with a 

larpr rrovidf s a Irttor stabilizing carol illty and thcro-^cre^ brtter 
:^ley 3 >i"' it^,’^ tkan the ”3^” com^-^^nsa tor ’Thm its ' is sr^all. In 
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«'oi f; ' r ^ .?n:l COn ’V' bf vrrj e'-i 

iii " "‘sh;. 0 D .‘=^.b\'^ci • V\nt t'-'r ct^rr 'cr<'' rf'pctive comrf^nsatcrs 
ho^rrvf.r, p "dirr ^rri^tion in LOn is av^il^ble ]\i(- tc t>e ^act t>at 
the uni'^r "'irdt on a h>rs - ot <^^d.st* 

(5) ccr> rnsatcr. 

' ■'■cent for the fact th.at the root loci are norr corrpliCc t<^ d 
the cffectivpnrss of t^'O " 60 ’' compensator is very similar to that of 
the an'' 1 '^ad nrt^Torks combinri. This is readilv aorar^^nt in 

comparing the root loci c.'^ ^iyures 8-li and 8-7. However, one 

sirnlficant '^iff France dees e-vd st end b'is is t^e ct that stall e 
coinrr nsaticn is only valid for snail valves of a. In the case of 
syrtrr instability occurs Tor v;"i\ies of a gr^at<^ r than 2 and 

l^ss than 0.1. Pecavse ob tbr' close similarity :>n t>r stal i' izj nc^ 
cp^rexty ^rd e^'-itj l j ty rrovidrl bv the ’’fO” co'^^'^eri' ntcr to that ob 
the lap; and rotiaorbs. ope is ivf'‘"red bacb to the disciissicn cf 

either of t’-^e latter '^‘or further information vith regards to the 
former com>vnsatcr *s effects. 

D. Ccmolctelv unsatisfactory compensators. 

d;o cf thr comv'ensators investiratel arc considered to be 
comoletOy unsa ti r.bactory , ^^his is hie to the f^'ct that thpv are 
unable to v^ta'^i'^lz^ tbr sys’<^m ^cr air.’’ "^rin^ b^. Tf^ose tijo com- 
ornre tors are : 

first ■irri-^’’ati‘^mT berdl eck 
{? ) ecend deri’^m^ctiiT baedbach, 

T’ e rc'Ft i.ccx she'd ^ ' thf rf 'ect ob V-esc cemnensa tors on t’ e b'sic 

'-^• stfm' rrF <^ho*’n *JS "d' rur'' T-d -n- ^ t of^'^octivr 

r. j zatl cn . 

bon a"' i?r t • en. j.'-' desi'r^V]- in orde]^ tc ^yt^^nd these rort 
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loci to ctiv r sjr:.lrr hc^F not inv<^ stif^ptorj to 

an’'' rr-'-pt rytf r.t ^cr V^:is rrour'. 
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. Co:' >utrr .Jhccks. 

. . rv nrral , 

ccr'“'’itrr c-ro ’ s "'=re on sc c of thr s;'‘ste'''s ns'n^ ^ otb 

or Too co'^'-rn.'T-tor s ("10" and ""'0") or first nd socond lori-- 
vfti\'P oTos oroportionrl t ’-o cornf nsatcrs ("30" and "liO"), TMs 
"OS -icno on tf p f oH o”inr svslems: 0100, 1000, 1100, IPOO and 1900. 

TMs "C '' i t!:rn cover the prou. s as., follows : 



Groro 


I 


oinc 


Group 


IV 


1000 


Grorp 


V 


ITOO 


Gi‘oup 


VI 


1800 


Group 


VII 


i 9 f:^o 



Tores shoadne thf servo cutout du< to a stc irrut ar'- ,f^i\Tn 
in arrenli:: D. It :;rs found tliat th( sc tcpcs coafirred coi’ letely 
the root loci . 

r. O-rcup I (0100) - n^aires 

This svstp,;'; ’-as imst.^lle for the uncor , cnso,ted s-'’at'-r. Only 

■S'l-a 

TTE • 

Tbir.' nrovod to hr rn r-TTretiv^^ ccnnrnsrtcr t^'' tm fcllcd.ng 
ch:)^re'ctoristics r 

(l ) 'her nord pg 9 . n^l 'or'c, the co'^prnertcr :^ps ^^v.ch 

'icrp r f^rci' ? . 'Thr n^^^ter cor Id bo r'?r'.]r stable 'dth a leg nrt""cr'^ 

r" to p ""cint: hr-Tv^r , ^rrx ■‘rs of k ^ ■■mild hrve to be •aeod, 

V 

(?) Tnereesing the "e“'ucs of b he'' ed to statiiire t‘re 

0. "St( . 

(3) Increasing i proved the stability, but r.lso de- 
creased the .coin oi the s'-sten. 

Group IV (lOOQ) - ir’r.'S 3-7, p, 9, 10. 

This system ’'as Initlrlly stalle to begin ’-rith : therefore, cnlv 
a ecr.i )rrison ■^C'r i nrovr '’. stebil it'-’- can be corrrnted u or. In e^nerrl, 
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•ine 



Ved 



tn'e coR'''ers''tor wre 



•e or 
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■ r» 



t/op fold O’ c’ ; r-ct.rri • ic 





riv; tivr 'us rrc crtlon^l fcrdbrclr: hcTirvcr, thr '^ro crtionr.l factor, 
srei'nc'^' to be the r.lor'ine tinp: Inf’uience. In rxnrrpl ., it ru'^^errd to 
hr yr\ unsatisfpctorj ccr^'^ensator . 

(2) The lof; -^ct-Torb ues hy for the 'TOst effretive conipen- 
s^’^’tor used^ -ni the rrr-e.-’tcr the rrtio of sero to pole, tbr better the 



This ^:TPs initj • 1 V imstobbe. The chr rocteristics 

o"^ the co’^‘’‘^er!3rtr' '1 s''^sten ^rere: 

(1) The 2rd drrivrtiv' fecjb'cT^ cc^'t’' err:- tor s corrTr trl;”' 
uriso tisf r cton% 

(?) Stridf itr ccrl 1 b^ ett'lnrd vith the 1st lerivotive 

'^lus prc'^ortion; 1 f<"rdb*c’ ccrrrcnsr tcr^ l:ut^ rpeir: the vc"^ue of 

the proocrtiornl con: onrnt. -ris th^ donin^ tirfr influrnce. In- 

creasiiiP k clso irn 'roved thr conoensr tor . 
c 

('^0 The lap nc t--or^' s aprin t'.f bette.r conyrnsatcr. 

The larpcr thf of r rni the su rlier thr v; lue of b in 



unrtrblr in t’-r rrppe o"^’ vr^'iire c’^ecT r'\ 

(?) T r 1rt T^ri^vtive ^"^us ^^ronortionol ferdbeck vrs an 



r snoT-^se 



1. Ircun V - ^i.c-iares D-11, 12, 13, Di, 15^ 





of the coino^ns’^tr d ^ etr-»-; ^-cre : 



(*? ) file. 2nd (brJ votive frojbrcT' co'*y)<^ ns 





I 








% 



m 










of • ctivt 


or* ■ 


neat' r , b 


r 'J- t!-( 


*rc 'Tti 


r ru ] CC' oo.ru nt i r \o d 


to 


hpvr 1 


'.rr t 


nit 


I'nr'r r r<^i n ' 


|S, vr;, 


'uc of t^ri'b ' to 1' 


v-pr'V^ 


L’- - 3bd 


i vy 














("^ ) 


The 


r tr^'c co^ v 


'( ns r tor 


r-s an rffective ccr- 




or ns; ''cr. 


i"- r- 


h i •■■"h r y th r 


V- of a. 


an "! ti ' ^ 


lo’vr th( v^'ir'r of b. 




thf err f 




,. bv 3 t beer 


r , ( r i.hp 


rrrafv 


r zpro-rcle rrtic^ 




t’-''" l.C ttox^ 


* 1 /f 


co'-'rns-' 


. Jrcr* 


■ t’m 


■"abu Cl h' tend*' i to 





t'<r * 

. -ron- -a: - "in^rrs ?1 , 

Phis -f'- *.nj ti. ' V uns r rl 1( , The ^(n^rrl c^^-ractf ri'itirs 

o-' t >' coi'.' sv</bc-rp : 

(1 ■ /pr> 2nJ derivr^tivc ,feeclVv:io': cc” ens^’tor ^-as unsatis- 



factory. 

(o^ The 1 st or Vr '-^us • ro ertim; 1 f^rdl".c’' ^'as an ff^cci i^'T 
c c. ■ ns^' t ^r, O'e^^’er, so' o -"Tio-iint of ortion-*^ ffolbrc’' "-as 

to st^^"lli:?,r tbp , Incr^asinf t^'T- ^r.-lvc of i 'roved the 

V tol jf ;■ ty io • If ersrs o' c r \ 

(f } iliC' load-'^ry cc -^n^'ctor could Ve ^ jV^'^r staid r or 
'.o‘ vi0^ *~p .'^ovra"*. t "OS ^^ot '"s f_^p cti'^.^r as tbr "’st 'b >'•7 vs t iv'"^ 

•^Ms T' rn t'* ^'0"“' . Tnereas^’nr the zero- cle ra.t’o r "ro^vc t’-^r 

T'- i"it’^ *> it;_r'^ " '^u^ t' "-Tudd ' ^d-:( the s'^st'^n i^n^'t' W . V’^c 

.'.lirr t’ r ^-ni-v O' t’ r 'oV^ f ' cr' rt 'ective s th<^ cev p j on. 



'Jc' a'Ttcr. 

; \:^cc'' -’ic-yr* .. of t'v s<rvr. systc is s’-cai in fi^'u.rr :V^ piseinr 
' ■'Vf.ined cu' ntiti' i ii^f'd in th^ cc-' ut" r 'i'sTa r. sa' ■d.r eer- 
ier sf tu !• fivrri ’r- f 3 p'vr^ ■-? ^'cv thr IcOr s/st< s ’d.th ti^.e co^ - 
ne-'dr r^t u is e.^’. eiirht r c ''i-'iert ' ens ’vre nerded 



or 



c t’ 
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c- rr'*f « 



10. OoncliiE.', ons. 

. Corir'(T'Srtcrs r ?r'' rbcT cr bcTc’r pvrrofT. 

It 'as not bern t‘ r ‘'ntfnt of t’ :s t* osis tc ascfrt-' in T’bich of 
the conpf nsators invr stip:a tf fi is th^' best or the ’.rcrst as imich as it 
has been to conipient unon th( effect on the individual systens. iloTj- 
ever, it is poseiblo from the nrc vious discussion to pick the comren- 
sators that usually orovlde cor^rcnsrtion which is more cr less fa- 
rorable than all the others. In particular these compensators are: 

(1) Lag net’rork - most fr\’-orabIe 

(?) "liO" comoensater - least favorable. 

In "cst of the systems investigated the lag network nrcvlded 
satisfacterme stabilization and excel lent flcxibi’’ i ty. do-jever, in 
some sv' temsj such as the 0110, 0120, I6l0 and lfi20. the effectiveness 
of f is com' onsator, ■'rnil< stjTl. rood was ‘limited tc swe extent in 
the size a may assure- ■"ithout instabi''it\ occurring, It the samp 
time, in none of the cases investigated di ? t'-’is compensatcr cause 
instalility for ell values of and a. tlius, use of this compen- 
sator in ’-otcr input voltage feedback a- olicaticns is a"' cst certain 
tc nre-'/i-de some favorable compensstion if a and are appropriately 
selected, 

Oi'. tHr c+h<-r hfind, ■f'er ost of the s^'stems j.nve ■ tipa.tr ’ the ”!i0'' 
compensator :-r r, r.revalfnt th^ most unfaver.' b"' c one. Oily in system 
lotp (figure f-6'' did satisfacterv compensaticn occur •''cr a t o ' crate 
r.agnitude of a. "’cr a^l other systems, ir.stalititv resvdted. for a''l, 
pyopv't large pf a, ''owever, it is concedvable that stabili- 

zation cou’’'^ be induce-^ if a -me r • do l.arge enough to pre I o'-'ic ^ te . 

CPe such case in -t-ich this results is shcni in figure 7-7 for sy'-tf-' 

iror. 



ir-i 



F. orjT^^liz.' ■i-i. cn. 

\s rKHtion^'' in iscussin -n cc , 

b;,’' iricil- trr ^^ot/■'■^''l rcct loci ^ r-^y br '-ny ’<'• '‘■b^cV con- 

trol 3 ?/-str' in th' cr:.r f-prcim is H'^ccGGcr " in cr'Vr tb^-t ■^ttII rdvmtrr^ 
may le trkfn of tbf so curv^;?. /jctn,ai"'y only a limited cr cunt of inves- 
tigation has be'"n ccnluctcd xi.th regrrds tc methods of ncrmr 1 iz: ticn* 

In ^v.rticulT^ onV^ tx-jo gronx-'s^ V end included more than one 
nhl.cJ'^ is n^ces^ar’^ -n ord^''r that an estb-vrtr of t’^^^ effect of oi'^anping 
so:'i<^ funct'.rn be made. 

^''everthelrss^^ somr dforre of norma ^ izati on is :os ib^r^ of ’rhich 
the nost signi'^icant is t’u- rrouning ct t'^.r sycte/n;. /s e:n:)lrined nr^- 
•'.ei the root ^ cci o.^ the smst^ms car^ br grou v' i in -"'cccrdance "•'ith 
both the nurb^r of erc^SvS ncles in the Cm^ function and co^^’^^ns^tor 
use ’* and t’-''^ '^redoriin-. tj np section ot th^ ccrnple"- rcct icc^ uilT be 
nearlv of thr 3 . p shape deofnding on the comornsator. Thus, assuming 
that the influence of the seconder'" sections of t’^r ccH; lex and r»^a.l 
rcct loci is not too significant^ an:r cth^r systc^ ay be similarly 
ncr"’alizcd by plvcing it in t^e correct grova' . Tl^en it xrculd br valid 
tc PSSvT^e that the ■'predominating section of its root loci "^cul ’ also 
correseend "Tith that o'^ its , giaour* 

A oonnarisen re^t '^cci curves of the sa've grcua s^'^o'^rs that in- 
deed, corresmendence ^'ces occur for in thr desirrd range of Oji to 
0,7 a'onroyii *ateV" and Cl)h small cr *cderratc, in rn,.‘ tude , but t’^ere 
arc 'iffex'^ nces, k-^end^np or the- situation there is con^-idcreb'^ c 
divergence c:^ thr romt oci f oi" S'^.V ^ . ’Isc '^hen large 

a significant li^fcrence i:' ebs^^rved. fc ci great extent t’^e lack of 

ccr’ esuondencr sme 1 ^ is '^ue to dif.'^rrncr in "oc^tien 

od the imccrprrimatr d sx^s'^rm’s ir ots. ihrr-forr, it is not sufficient 
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to assume that because a systrm falls Into a prrticul^ r prou- it can 



l e c:r’'ected react - cccTairi';! r: tlu- 
account t'lc di ’.;'ci'rncf in Toc.-itlcr oj" 

' olrs and re.-lize th- t erroi' oristrj u'- 
'^or ?nost o" tl'e ‘h sian.-tr'd f;rou 5 



Icsif'nfi' must vJ sc tahr 
t' c uncO' ' nsatf d srstri 
on Cl) ft is larf’ir. 



, b!>o Tctor function is 



into 



second 



cr'ar^ t-\a-'c one ’ij.th a nolo loo- tod at -1 on the re al aris; but it is 
CO. cr.ivc.blo th.-'t a rird.'lar s^'^str’-i hr-'d.nf’; a differently Tocated rotor 
Ilinction pole ra.’- else rccuire uivrstigrticn. Therefore, sore norrs- 
lizetion Tjitt respect to the motor function is desirsble. Unfortunately 
the, investigation has not been carried far enough to noi'’iriit ainy gfneral 



cencluvsions to bo made in this connection. 



I'overtholrss, even if the: rotor function of the actual syster is 
approrimately t’-'' same ''S that of one of the investigated 33’sters, in 
all probabilit’' t'u "-'i.ns of t ' tr;insfer fimcticns vould be different. 
Tims, norri-'lization ”’itr ros’;^ect to gain is ver- important. Unfoi’tu- 
n.-ted;' t' is ncrrial i'/.ation is difficult to acccrnplish. If it is assumed 



ti’at is f-'o overaT’ rain associated mit''’ the function is 

that for G, , and k is ttm -.- jn for G„. then a corresnonding va'’u.o of 
b’ c f' 



k ^ 

‘ c 


VAer Ir obt; 


.ined using the tme conditions: 




(1) 


k k, ' = 100 
a b 




(2) 


k, ' ^ 1.0k 

c c 



irliere is the gain actuollj'' given on- the root loci plots. Tnerefore; 

k^> - C.l k.. (10-1) 

and k|., ' -r ]££ 

Ka. 



T'njG, rsFiirriin^^ tbpt t^e ■^unction p;riris 
tvo s"stc^‘ vS - one pcturl rr ' V of/’^rr 
oci plots e''rr ~ t ^ rcturl 



ere too cnlp difforonce tureen 

' c tlc:-'J xcr ^blch 'IIt root 

corpirinsf tor rr ^n, k K Trliich is 
^ c ' 
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recuilv to r>i t root: 



':irrilrr to t' o t^r ticrl 3Tctc/i 

' r. cc"'’ t or r’^r'’. Ir^, io n T r-'i^t-on -^1^-1); 

jt rToc br nr crscv r’'^ to -ctir. T r .’nj tc '*■ iK"^ 

rrin, ». 

C. K„ versus k . 

V c 

Included on cl'^ the nlctted root loci are contour curv’^^s shcTJing 
the locu-G of doninrt.lng roots hevinr* constant and also ibiese 

contours vere plott^^d for the nur cs^ of lending sone perspective to 
the root loci plots ’^*.tb regards to the grins and velocity lag errors 
tc be co'pocted. 



A ernparisen of ^^11 the root loci riots r'-v^als that in rl*’ cases 

the K Cl a svster drcrrrsrs as rr in, k^, increases. I'cTjever, it is 

very r^re t^ese sets of contours parallel rac’i othfr: t’ us^ 

t'^r rrlr tiers''^ in b-^t""^en the:n de^en 'S on t’^e vrlne of a. and 

,^'’en thr v-’^u^'o of K var'’’ inverselv ^d-th k . the utilitv of the 

V c ' 

corpnensrtcr to the desirn^ r in nerting se>cclficr tl ons is reduced. 

■Pns is ■ ax'ticularlv true in thr case r,^iere the nariiPU’ - pernissihie 
stead" st' te velocity lag error is specified. In these casr.s tills 



snecificaticn rna^a result in predominating roots having othrr than 

desire T-lr va'^liu r. of and OC>^ • 

h. Gra-abi'! it-^a -^-.c int^rc’ anre Icy^s and . 

Goon aft^T cal c^O rbiens for the root loci vrr^^ Ip, nan, it becarie 

an a: ent tl'* t t’ f functions. G and G , could be intcrchr.nrr d in the 

a m 

svatr' llcck ''iaaTars ^n t’ eut rf-^ ecting t" r loci. 7n* s is dear 
orip^ ro'r 'ms tfr r ."na j on of t’^e Icci: 



sI^Tl ^rv> t\lb 

-I- Ni Wj 




in-li 



1 



-ns it is scr. ti -.t fnn ^nnct .car-., .r rn.. n.-.rts therrof, ccnld bo 

‘ v' ••erc'\'-7KT.l rp ' t\ o cc'airtj ons :jou^ i "or icUnticrl^ oinc^ orc!'’ tor^ 

']■ yc'^-^^cc t’-^r prchict cf T or or I’ . To terr "nvo^''"fs either 

■ a ;-n a n 

‘Timction ty itrr'f, T’- J n fret ccnl 1 '■■id in r rtc’/'irr rctur. T 

p’;^^ 3 'jcrl ro^strr^ to enr of t^o prou'‘^s invnlvf d in ^'**15 invrstiyption , 
*^cr rypri'^ic^ any nclr -rhief rnirht invclvrd in tVe fn.nct.ion 
crnld be combjnod :n.th tbr niotcr ''ole to a curdratic function 

in ttr G^ Ic*', n'" rotor -yin com1 1 .'"Iso be -^ut i.ntc the G^ function 

for sirnf Oryinplly, the end I 7 OO s^^otrys yere included 

in t’ ese invr G tier t:' one t': d^t'^rnine any ooGG-il le cTicct of inter- 
chonoe. foTrevrr^ they nere dropped it became apparent that the 

t' 7 o svGteys had identical loci. 



-■'cr :lctt:r]£ ot loci. 



;\F. !.0i .1 - )\g±tcl Jci 1 ’Ut«- r ' rogr^ 



• Intrcducticn, 



This ay-'iuMr is “^'or thr osr 



of rr If inlng thf. dip'i'hn'l cor- 



nuter prcgr''! 
""rs n.srd 
The rrcgr-.rn is 



usod in ccTi''"''‘'vbir]p' tiif root loci, T^is "ororr^im 

t>o IC^PdCL diT/ CCl''Cl'TICr I60I1 digits 1 Gciiiputrr, 
::ritten nsirir th< fcrtron s^^str . 



Chjecti^/'f , 

n^e objrctjv^s of this corn:ntrr orograr' ore the follcKing: 

(1'^ hsing t’ p- inrut inrorin'-ticn, CcOculate the basic 
C'’r rcteristic ecuoticn f qt" r fredbocf system b^ing investigated, 

(2) Fy rct-'i'lly varying the approoriotc coefficients (by 
Vc rving the grin) of the characteristic coiution, calculcte the indi- 
^aJual points irhich together constiti te the root locus of the speci- 
fied feedback systr • 

(^) .^*cr r;-oh point of the root locus, calculate in 

acccrd-nce .^noen'-^ix P the corresponding va^ue of K^, T-jhich de- 

termines the steady state velocity lag error for all type one feed- 



back syster>s. 

()j ) Pecord the above inferr'ation in such a form that it 
faci"* itotOvS ranu.ol plotting of the root locus ^^oints. 

C. y-'S't''' ' f? ''^ T' T c’;) "'"1 1 cr 1 r . 

'Il'.is 'rc'^rcri crupc;? cc’"’r)utcr to cclcu''ccte the I’oot 

Icc'ts for cry cyet' "■ •’‘'■■ch con 1 r-rr,' into thr ferr cf f’e systni 
s- reified beloH. Tl-^is sy; te''n may be ; ny fccdbac'- f 5 /'tfn t^esf cliorrc- 
teristic .._u- ticn is of decree less than 101. The variable can either 

be the in oi’ t';c o ;cn loop funetj ons or th- rain in one cf the feed- 
bac’' ■i’'.5n.ct: or.'' . be bloob H.^nran' oh this system is s’^exm in figure T. 

f>c borr'! !■’ r Ciinof .rns in tbr bores laT'lrf Oj.,, . and can 
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rifure 1 



'i'1 r> 



in '' con rrr^ ."^cn ^ b. 

t>r;-:r '\iroticns ■|.^'•‘'''r^, V ' to t’ .^ir si p'^ st irctcrr , Fh^n 
''l' _5 cc "'i.strr.l of .^‘om- onb ''"'inrbicr s r .-cl’^o-os: 



if for 



1 






0 .. 



(S-i-a-) 



G, 



ba 



:: (g ^ b) 

cs <• c> 

1 

- e) 

(S^ +fvS + 9) 



y 

then the si3''plr st fori- 



1 

-l -I !• '- : 



«h =<«bi><- ’’b.X' 
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^{o’‘T6vcr, rnothrr fern "Mch i3 nennlssible V’Ut not nepr"!” rs sinplc 
cenrists of thr cy .'nde’ roGucts of •• ny or ell of the function: 
that is if 

C C — ^ S b ) 

^b^ “ (s* 4 . hS + j) 

then o •''cn^iissiMr' ferr^ ^roiil-i be 

Gtu 
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r Sf- e ”1 




1 ^*' + h S t iJ 
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so forth. ni^e rnr* os^ of this is to rlirin.-^tr the tedious orrretion 
of nenuoldY nu'i ti^lyjnr th^ ioe]:;mo ird func'^io^s which the con. ut'' r "'i’^fl 
do rrnidly ord ^crur; t<' Iv. 

iV verthrlwsSj if it i.s 'lrsi:»"r to use t^is nro,''!:re?G for r s^^strr^ 
wbrch -^oes not ccitnin ''n 5nn/^r ^ ibrek loo " functi on V’^rn it is on^’v 
nfc? s ery to es'r) e r function '^hi.e''. i.s ccu-1 to zero - thrt is. 



assume 



Ct = — ^ 

X>c 



- c> 

■" i” 



D. .rcf.rrra Cprrr^.tion. 

The )>rcf’;rr!rr consif'ts or t’T- c T.icr hrs^ s of opr ration - (V) 
in'OM.t ohpsr^ ('") cc^rivcrtion t’'^ hrsic chrrr cteriotic rcurtion, and, 
tha corrutrtion thr root 'ointn. Thr^s^ t^r^r hrs^s rrr 

cxolcrcd brlo'- in V;t‘: . T^ie order in n’*' ich 1v r-" lintrn ^3 

thr order in thry ,-rr aoccr^' lishei. i re/"’ hrer* ir cc'^^ 'letrd 

br-ferr thr is coirurirnccd. 

(1) Inmt nbrsr. 

rXirine thr i"^' n.t of o^r'r''tion th.r com"\it<"r rc'rirrs 

rl*^ the inn^it infornrtion rrrtj.ir'^d for the •'roprr o'^^rr-cticn of ihr 
nroprarr inc’^ '.i:’in,r thr s^'blrrr^s pore:: r tr rs. This input inferMrtien 
can be '*rcrd'’ into the coiTinuorr ‘ ithrr through the media of nunched 
cards or •^'^gnrtic taoc. hcucv( r, in either case, cards must be r.unched 
end i-'‘ the ma/nietic tenr innnt is Ir sired, the car ls must first be 
trans-^erred to it. The srccific irferv'tier T>uat br sun'^lird ps 

the i">''uit to the con^'ut^ r ’djd 'r covered in rorr ^'etanl later in rt 
E of t'^is ap'^endi". 

(?.] Gomn-'.t^ticn of thr b; sir c’ueractr ristic er uftion. 

"""^en t'" c co'^'leticn of ’’ree ■‘.inp'’ in r.l*’ thr evpilrd'dr ir u’t 
informs tic n, thr ccv'ut^r cor"‘^r-nces thr nr-^'t '^h.asr of corrrtion, ?'^ls 
consists of C"''* cu^ - tin"’ t^r cor ff? cic nt" of th'" b**sic chrr' c- 

toristic 'Oirtjon (-hr re thr varieb “c , "pir, is '’ ) usJup* the sr^eten 
porcjTietcrs obtadneci during t’ r prrvlc;.s p‘ rse. ‘>renli r- on thr 
intended leer ti on of the v-.riable, gain, there are three different 
methods for mabinp: this colcul: ticn, and * p.ci' cne eivos a different 
bpsic ch.:rrct^r:^ Stic rri\r--^:n ^ ‘Pic desii’C’d rt' o:\ c- r be selected 
by use of the corrut^'rhs :>**'ect:ivo jumn sritches as fcllo’JS: 

(" ) 'HI ju' ' sv' teles dc’Ti - c’-’erecteristic Ovuetien’s 

A-I4 



r ^ * r ■ t ' t t ( 



ccr icirptr "‘•X r c- ‘ r.ifl • 



rifj'rr t'^e 



or tr.'-ns^cr bcr ir , 

(b) Jiirni' S7*.ritcH nwnbrr 1 up onlv - the cbrrcctcriotic 



eciu.tion*s coefficirnts calculutc assuj jig V the gain in the 
transfer box is variable. 



(c) Jump ST:jj.bcb niviber 3 ^ only - the ccefi'icir nts of the 

c’arractcristic ccuaticn arc vOalcu.latc:l asourdng that V^r gain of t^e 

0, trajisfer box is variable', 
b 

Iftrr calculating t^’ese coaffici' nts of the basic chrra.ctf ristic ecuation 



the cDmniter j.e to comrcnce the third r>hase, 

('^) G'Gcul.' t: on of the -r^cints o”^' t' e root locur, 

'-■'0 " ina ,1 >-hase of con-utcr ov’cration censists of ccr'-^u- 
taticn of ii' blv.i lu.a'^ ecint'^^- ’bich - root is dene 

b'.' a rritrrc live rrccess censioting of tf^rre steos. In t’v first sV'n 
t^'cse coefficirnts cf t'^r charar teristic rou.''^tion ich are function 
cf the variadole. gain;, are increased by a factor nhich reflects V-^c 
nevr gain. T!ie second step is to so7Lve for the roots cf this new 
characteristic ecuation. fh'en for the third step these roots are printed 



on the chesen outout media , hpen corr?letion of this latter step^ the 
ccTn’''u.tcr increases thr gain and oorrr snonding ‘yr.in do= Mident ccefficientvS 
of the charact'^.^ristic ecuation^ 'nd aga:*n lu iterates t* e same t’-r^e 
steo nrocess. 



?' e rv'\n ir.cre^'. c Tu.'cviJe l in t^x t'-ird step cf the ^.^st 
phase is cxT^cne-utia^ . and is :‘’etr rmine- ■ b t^’o pz'ogra- user throu.g’- 
t’ e ?riti:^l inxoits svxe''' ’ ie/ tc t’- o cem uter in t’v. In ut "hase. In 
starting out uit!^ thr ed'' raccei iotio ecu tion of the second uhr t'-e 
initial gain ’xul ’ ‘\y- : huh d ci Lhr t' ird ' a' r. this is multj o"' ird 
by terc facters - l^th .-.pecific d in t’ c in; ut -haae (,^or the c'^c H^ere 
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In orir“" hh^t thr root ^cci O'^nts br c- ci: V t,f ’ i is 
nr COS'" to sv'*'"’’- t'-r ■ d r r -'W' cert-.in i'.i^'ut irf t'^ or <, 

■r'i.s rror^.*'’^: is dr sirri^d to rcco '^t th.is i " td cn fro"i" unc'^r ;" c^ r 
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''y t ■ 1 -t 1 r f^n not ’ C^US • 
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.1: ' j t"r cf ^'he ro'^t cc^ 



nt 



If t' ‘ ‘r "-i ^ : S :‘ cr O''^ ^’r - r, '] n'^- -.v-r._ 

- t' r^- i.; T'( '■•. I ^ ct r in ■' ch • r;c tc i 

(.Oi '0.r/ 'S •(.•'' :;■. t. 'jj viMc: i:-'* .■•rr rov:*,d' d rs ir ^ nt to the cor - 

• • t' r . 
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^ tc 9999? 



cr 



cint r;\v ^ i jr:. 



lortr/^r- rcr;.' -t '' rn it is for tlv ri.U: 0 .‘j( of ro^rltinf;, for 

t « cf -fu :i fir/i rrl root locj. It is s fcifical*^y dr-iyord 

for c: so ‘*^cr' tl^on root Iccnn is desired for o b?sic 

S'rsV-’, fh r rorr'r cr -ntj.np '-T j nerc^'^^^ Tt t in f-} errstont crrfficjrpt 
o-^ c'-r of tl ^ fo tr'^'^s'or :^'‘'.’rr'tions. ict^'olly T/G is tb( fr-br'^ 

1 to -^irsl rcct "ocuc. f'cn -^’cr srcc^vS-dvr root Teems 

f 'r is •riorosS'^d b ” t^r or -r r^icr.nt rs ircror'^'orit^d cc'" ff a cj. o-nt , 

■■ t iy* o n t“ ""ocr s t'^ t^r fin;ni firits of i,'? r^f'^'^ct tbc 

i>'>: tio*^ 0.' t' ,’s O 0 r f I'ici/ nt . rw'^ its suoce s'^i^^o v^'uos ■df’’ 

r"^sc br tier ri in tbr con ooi'onding TobrTs. /.s on n'onV of V^r 

cf 'iV censi Irr tb^' Co.se' t'o initir'J V'^nr of thf, cc^fici^nt 

to br incrernited is 7.9. bf-n If TG is irsionstc.d to 11^7 sf^d 



tb( Tiorc r<nt xr t'^' ^'orfficirnt is tc be i.^. the comnutcr rdlT Isbel 
^br second root loccr tHr t ir-.I ll’n.? end so c' . 

r? > c, TCP. 

Tho nort t’l'o ccrcrutr iicn'^l ■■: 0 ‘’"-n^r ters . tbC rnd TOP "dlT br 

fi.scmsr.,1 tn*- tbrr ‘n of fi’'ir rd osr r-^ 1- tier 55 ’ dr end sniV-r 

' G or^ce l.rs fin I f s r.r-t"'cnrd in (] ) rTcve, ''mcribrs 
tb^ iyerre'^.r tbrt as to br conliod be t''»r const' nt cor- ffici nt beiny 
c^'T errd ^"cr ^ ^ qs root '’ ’Cns. nr( scribe s t\ ^ rf rir n' to 

tbs ccr-"fic";rnt ■•■'("■"- }r incr^r.^j, daor^ , ^.rr'^±rr cVy TCP 
3 * tvS rn* I rr- o-c ncct "'cci bv eh n* b. ly cr’’cii1yted, T’^r 

..V IrcU I co^ ' fic:bnt ’ ill ccnfi iv.r to V" leer ' ' s^ i 'Icnp' ntl* tbr 
rcct leers 1 rn • coneenvnf^:/, cerrt jr on ■. ir.y root Icci *dil cen- 
tlnrc tc b colcvf ted until the ee-' f ^‘icic nt r^-' : nitu k is grn'trr 
fr-nn TP (•'brn thjs occurs^ nroyir l aticn tminr tos ). 
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■ 5!P 'tip''’.", trj ' P 1 J -.n-liC' trr thrl; e c'^ sneer v.-'"?ne cf 

Tir ie Ootr.in'^ ' * ' '■ t' r^v'xns hv ?\:h\ TI'^us. 

jf r .-' ■ ': r . -t , •• or''"t \,r -r* hlirr-; tVy * rrb rain. 

Cr.r ]fs: b'-- "’o ' 'try^r^^c '■ 9’'" T'ln I occur, 

dr • ■ ^ ^ '9 ' ’ ''p ' ■. ■''fr.u ' 9c 1 '' s^tis- 

^’:cVr”» '-ut t' - .'•ct*'r^ use ^ r: t f loc'^ticn of 
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In r ■ ^ V, c TK'v' t!' ( ■ r X‘^l3 tr Jr •* ctorc<'"' 

"' •>■_, It I' ' “ ^ r^rr- 3Z'r-'i y Ic ylvc the cc-< utcr c. iiifcrru-’llrn 

r rriit ''h'lr , o" it io i.rcos''?r/ to st-itr ri-^'ny fpctcrs 

t*'riv ar^ ?n t-'" oi. ^:o i:'’. T''^n, ^or acy factor, it is also 

to if i c<^n 'vtr r its itie '"io'^nor in ”tich t'^is 

suon'^ ir 'or'^c tlon is tc bo inc'Jn.vic ' vit)'’ th^ cc? I'^icirnts cf 

ti‘0 rrou ■ c' n re, li''” bf sho^rn !'■ t-^. f cl r-’-nclf, Consi 'Jrr 
t'H ro" "TIC" j ••'1 -’“ol o (s T’.is ":o^ 'Tionic consists ot tr^c 

fr Cto?:'s (r'>ct i.' ^ne'esr* in nt'o.rsis ) of ry :* n f* '/ : r^c. The 
i V.t CrT' 3 ■’’'^sT ^ Tf ' ''“ 0 to'' C"’S ! 

0 -‘niicrt^''' nurb^'r of factors 



^ V'.'X'ce ol' the 'irst f'clor 

cce’t'T:' dent cf /.ere t lois:- - first factor 

0. P cc('bf -j cir'pt of first v. c ^ r t’^xsi ~ first f rotor 

1. ^ coefficient cf second ro-7cr tern - first fac^tor 

1 doPTco the- secorvi f : cter 

1,"' CO" 'f J oirnt cS zero ^ o^kt tern - srcon(? factor 

f.O cc^ "f J TT nt C'f first yo^rrr trrr*' - sreend factor 

Tf ric 2 e r’-r '^irrt ^-e-' ”orf ^ \f t! c last crowds to be ad” 

in for IV if ■ -rr / 7 ,(- -; -n ^ T, •( liaVT./ fr>’i 1 cdsf;:; the d '’or this ^o1y- 



no"'i’ T'," ■’ ' c‘-r '' '/ r'l?'’! ■•• r cf rioter*"' “'rosmt in t’^c 

C -V., . • . ^ . T^,: ^ ; yyr siepif ;■ C^'Ot ^"Oirt tc br sc'hrd ‘bent 

the upplcwnt'T’v ja^rr^'^rticn d the ’*rrt 1/ d :it consists ^ntirr'^"^ 
cf : irrd T>rdt nrd f rs h.-vjrs- r fortr; n format c^ceipi.a tion of I f, 
fi rs r^ra.ns th; t t’"cs^ ra'^b^ cs C' n he any intc;yr fror 0 to 99. 

7 e i^'-rt co'^c'^V':* ci^ nts . r^ ^'b-o s' j„ tr^ al ovo r->;‘-nlr. ib. rsr 
car he <' f 1 cb;d;v’’ ncint nn. cr fi’ci ' 0,00 to 99P9.99* T'*c fortr-- n 
for -rt •> si[:Si r tion for th^ nn hers js F 7.0, *'or ( vary factor. tl’e> 



A. 1,2 



c f "t f/ * t r ^ cr "t ^ c- ' r. iV ''cr'trnt^ 

cc' ^ .'• ^vx ot* '■■ • ^•'^rrrr ' trr" *irct, r.n ’ tyhoGo in l.ct’F.(-n in 

■rd<r 01 tbr 1 ?^ i'Mirr" 1 * •-’r •'^c^'rrr*. It i'- ry i;r ortrnt iin-t a j-'marr tc 
C'T ■ br r^rrs^nt f '-r cr-' tr.r^ . I'ua for '■ lOTrtH de^n^c po“? :,ano:"arT 
thfvf' ■'•"onlJ It fiv'* ccrff.lc.i/nt crris. In c; ar-; ■^••frc' a cocfrici^ nt 
io ocrc. it io oib’/icient to r*' .rrs^nt t’nls cc^ f.'^’icicni 'rith a V)lanV 
card. 



"^i^^uro 2 s the '^iut c.f ('.aria os t’ f •• be i: nx)t to the 

coi.rontcr for the s''eotrr> s' c^ti in figure 3. f'osc ri the dotted 



line rr( 
etr 



t’’’ ^ i 0 n 



'oori^'T It 



p T * Q*- 



cc'i^T'utc'iticnr'’ T?fi'c f.tfrs. Tbes'^' Vflc' t is 'rr systrni 

1"'?. .'so ;i;nc'’aJrJ xr- fiourf. ? is x'n 'iot.:.;!' ! LrorV tjc’-ti o'" 
t, C'lds 'ey ■ ■c'' ■'’nc'.-d,-''! • nd losic fooctions for S’^ster 
. r'lf' cc'’.irin ru^'bfrs ot f 'r tco rc- .dicdr ird to indicste 
cc'^o^'n c" t' r drt.' o- rd r- c- iirit 1 s tc b<* p'-’-nc-'f •.■. 



■' . C>J.t' ut In " cr' ^ ti cr> . 

:'""crc is '•■n ■ --tf n;-l”r "-riomit of cut ut U'l.rcrrn^rtirn 'rhich 'uist hr 
r.r.dc ■ v-il tl', to t’’-' ’is-'r cf this rcrrc' . ri ■ --ril'*, sc riTjtici f j 
r'v.icus'”, the p-. lilts cf f-rc''. root locus, the cerre spon lirp vjturs 
of ;rlr, cn.' the 1 for - c-c' roe t locus ’ c u" tl^r cut ut i’-ifor- 

rtion. ■'oucvfrj t'crc ere t'-'^ other prours of outrt infcrrnrticn 
'^ ich, lu' tc t’ "i?' ?ot‘ ’"ti'‘' uscfuircss tc thf' ’"'roor-rr user, ?re 
else i.nc''ut-':’ .-s cut'^uts. Ihc first of t csr is the is ting of t’-'o 

cccOf ■ c.h its of fi'.r r-’<id o’ eoic' ■io’’ functiens, fifS' 'isted 
•coe ffl clfints c.t’c t'cs'- ic' r:nu’’t cft'cr the cen' -utrr "■u’'tiulies 
ter-' t', or of t’c '’^cters cf the ino”t ocl'mc' iol. ; e,irl tuis, •tile 
ot ■i-ov‘ iinr or rr- ct chrch t e io she” t'o erect r.-sten for u’ ich 
the root 1 rcT •'•'•c ccn^iil^’. ■'’■'<• i-eccrKl rreru of infer'-' ticn consists 
o'' strte-^i' rts . re, ,e -"-ro^rici'e in 'U-'^ c't •"■t. i-hic' crutior the 
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riti'/V r- t if.> r«''- 'r r Is '"Iso ’’lotr’, 

: o' t' ^ C}\t-'vt :* ■'■jT^cr'’' tion. is r^ccrdr^' Ip 'cccrrifnco ’'itl ,9 

r?;^ec:v'^ic Ip ■'.irr g !' and J;, J>r i‘or rr fj.f-ure sNo^'S 

hix' !’■ 0 f '^T'si > r -e j or f'c "drat rrct *•. oc'jy o^' r s'^rtc' vcvV! 

id' ' - r r^c^T' In " '..‘on c" id r "i.r/t roct "^ociis -n'-. 

•:nr CP' r 11c f lit, c'^ kkr ^rcf"'^d ^ cr tkr , rccc kl.np’ i ' r 1 rVr"* 

pr t/'c rirst- root ’locrn', '"tntri In t’’^- gp ■ ^ ordr' ro b’ ^ v ''jpre ^'roc 

j.i'.tc b’n cc : ' alter ; .-'p tdv ro’’ ''TPP k ■ ccrfficif rvts. '^ter t root 

locus o op"; otic- :•/• t’^p s'b-t<^Tnt . !/.■ -It 1 C 2 C*C 0 '• lLK* ' 3 ’% 

are tW; frov. s of lu^ot locus pofnt^', fr tb' rc-^ ccudti; r orck cf 

V'pse prop.os pro “I ’sto' t'-^o itp"" , i c ^irst .‘a ;:rin pnd is lalele 

, IT. or ’"C V on otter k , k, cr 1 ' rr sooct/ix"' la t^e 

r ^ 1 c 

fhr> GPCPnil J trr *^:nr'i''o I ’ rr * " ^ ('11 'ju.’'idrd ?‘.ntc tbo 
i )ut rr.. ■ G.‘;sv''. pivov' t'-e ,‘>tpprlv st-d,r V r error i'c.r ttr tp,r’ r 
yyTQ G'Oot^ . d"pp ■! :*, 'tc ] tp V^r roT" .-• r^ ' ct'ul '^cint '. 

*^r iiU:d' r ‘’s * :' s t!'C rool u'^rt on’ t'-^ot fo'^'o’d.nc "j’’ la 

•f;.r O ^ • v*. - 'OPrt. 



f 'lprc a.''» S'! '■‘p 'd’’l p " nt co' ■'* dc' ''''or'^d lu • - 

'-.vx '^.v.'. t'. ■ " '.st r\- c'' t' r ■ r.'rrt-- -: foct 1 ocup ''n ' "c'- ;-rcii . 
j.rsi of <•'"' fic!' ocint. conr,ir>to of t'.^o a cc ;’ 'i":-: rn .5 rn 

1 . •'.in'^x':' ::x’t. "i} oo ic costs :^nc of f ac oarts ; -:y bf zc-r-c, but 

st.'.'il t':r;- nil? bf ‘■.iotf . ’or racb ocbib ■ ' 'cb s ret actx’; ''!''- 
lie 'H tibf I'r.'T r;:'?s, r cca.'bj oo' ir— I'clnt rlsr br listed 

:i..i tb'^ p; ’ f' ‘-rru : '■c"'f"Tcv, tb‘"S' '"’C cints "i]-’’ act 1 . <■ ''istf d. 
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neCv 3cv\ i.>', j ' cf t tc r c’ otv f : . ‘ctuc^llv^ f crr is no S( t crJcr 
"7 ^ ‘c’- t/’v' * iritis rrr ‘'irtcd in c rciv . li i’ c ' cintr oi /■ .:rr- 

tlculor section r.f t’^'o root locus is li tcJ first in the initirl <;'"rcu"*'S, 
thrrr :s no r^rsr- tc r-^n^rct f'io order of "i^tinn to ccntiniir -^or t^c 



letter '■•r<^u s. '"o"'nts r-rr listr-i in rscl^ c^cu* in tt ^ erdrr in "^'ich 
t' t?’- rn ' c-lt^-'.Tr l as rert**’ c^' the r- ’- ' ractc 1 istic >cl>n')c:o* r 1 . 

^ne '‘‘rnpl cenr^mt r^grriing t'-r “listing of ttr ocints concerns 
the f'^ot r prorron does net concel cut any f^^ctors vhicb r/^nerr 

in beto the n-'r^^-rcter and dmenin-'tor of the sr^stry funetjen, F . 

Thrr^ .'^crf^^ t’^'ls root is nr^'s^nt a 'T'rctor of -^rcb cn-roctf ristic 
noVyrrx'' ir" , and aopr ars as a point in rac’ r,rouo cf roints for that 
p- rticuiar 1 cot ecu: . P-'.it tf cause the s'r e point is rerratad in ^ 
grou.'Pj it is r.asP' detected, anc3 ti ere fore it na" readily hr irnored. 
iui crayplo of tPivC is t*'c p^ int 1.^0 in figure ’ . 
n. Ccmriitcr Proprnr Instruction, 

The f ortran Ins'* ructions "i^ich constitute the ^-rograin for coy- 
r-utirg t’y root loci are “nc^u-Vi in t’ ' s appendir. These instruc- 
tions arc listed in t^^^ ^-rep'r rr'^u.ncr on s /-?0 t’xcu.gh '-If. 
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1 PROGRAM RTLOCUS 

DIMENSION A(20 0), B(IOO), C( 100), 
10(100). POLY(8,IOO), CONDC(IOO), 
2DAH{100), VAROC(IOO), UA3MOC(100), 
3R00TS(200), RMAMECIOO). 

COMMON CRR. CRI, CPR, CPI, ROOTR, ROOTI, 
6390 FORMAT! F8. 2) 



C, 0 



6391 



READ 6390, TAG 
READ 801, ANC, 
READ 7, LEVER, 
F0RMATIE7. 1 ) 
READ 6391, SCA 



K 

5D06K* 1, 10 

6 

7 

8 

801 



nc 

00 

K) = 



TOP 

NOROER 

LFAC, 



GAIN 



N 



9 

9191 

10 
1 1 
12 
13 

130 

lU 

15 

16 

17 

18 

19 

20 

200 

21 

22 

23 

2222 

2223 

2224 

2225 
241 

24 
243 

2401 

2402 

25 
1043 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 



POLY( INOEC, 

FORMAT! 12) 

READ 7, NUMBER 
FORMAT!F7.2) 

NIC = N + 1 

READ 801 , ! POLYl INDEC.K), K^l.NIC) 
IF!NUM8ER - 1) 9191, 9191, 10 

NUB = NIC 
CO TO 24 

CALL EQUAT2IA, POLY,INDEC) 

DO 12 K = 1, 100 
POLY! INOEC, K) = 0 
READ 7, M 
MIC = M + 1 

READ 801, (POLY! INDEC,K) , K=l, MIC) 
ITH = 2 

!B, POLY, INOEC) 

(A, B, A) 

ITH) 23, 23, 

100 



16 



1 

(POLY! INOEC, 
> 1 



K ) , K * 1 , NIC) 



CALL EQUAT2 
CALL MULTPL 
IF (NUMBER - 
DO 19 K = 1 
POLY! INDEC, ■ K) = 0 
READ 7, N 
NIC = N ♦ 

READ 801, 

ITH = ITH 
GO TO 15 
NUB = 100 

IF(A(NUB)) 2224, 2223,2224 
NUB = NUB -1 
GO TO 2222 
CONTINUE 

CALL l.-QUAT3!P0 LY, INOEC, A) 
F0RMAT(/1 IHPOLYNOMIAL II) 

FORMAT! 8E1 0.4) 

PRINT 2225, INDEC 

241, !POLY!INOEC, K),K «1,NUB) 
25 

TAG + ANC 
- 1 

14HSYSTEM NUMBER F8.2, 

TAG 



PRINT 
GO TO 
TAG = 
lEXP 

FORMAT! /// 

PRINT 1043, 

CALL EQUAT2 
CALL r:QUAT2 
CALL MULTPL 
CALL EQUAT2 
CALL MULTPL 
CALL EQUAT2 
CALL MULTPL 
CALL (rOUATl 
CALL (:0UAT2 
CALL FQUAT2 
CALL MULTPL 
CALL CQUATl 
CALL EQUAT2 
CALL MULTPL 
CALL EQUAT2 
UABMDC2 = UABMDC!2) 
CALL ^iULTPL (A, B, A) 



8H FOLLOWS) 



(A, 

(B, 

(A, 

(B, 

(A, 

(B, 

(A, 



POLY, 3) 
POLY, 5) 
B, A) 
POLY, 7) 
B, A) 
POLY, 2) 
B, A) 
(UABMDC, A) 
(A, POLY, 4) 
!B, POLY, 8) 
(A, B, A) 
(DAM, A) 

!D, POLY, 6) 
(DAM, B, A) 
(B, POLY, 2) 



20 



48 

49 



7262 

7161 

5101 



7464 



7363 



4701 

471 

52 

53 

54 

55 

56 



61 



62 

63 

6301 



6309 



651 

652 

653 

654 

655 

656 

657 

658 

659 

660 

661 



662 

663 

664 



AM6f A) 

POLY, 1) 

M, B, A) 

POLY. 5) 

B, A) 

M, A) 

H 1 ) 7161 , 

H 3) 7363, 746 4 
CONDO 



CALL EQUATKRN 
CALL EQUAT2(B, 

CALL MULTPL(OA 
CALL EQUAT2 (B, 

CALL MULTPL (A, 

CALL EQUATKDA I . . 

IRSENSe SWITC H 1 ) 7161, 7262 

1E{ SENSE SWITC 
CALL AODIUABMOC, RNAME, 

CALL EQUAL UVA ROC, DAM) 

CALL EQUAL UUABMDC, CONDO 
CALL BRNULKUABMOC, ROOTS, N) 

XI^A « ~ UABMDC2) 

CALL PR I NT (ROOTS, N, AKA, VKV) 

GO TO 4701 

CALL AODIDAM, RNAME, CONDO 
CALL EQUAL KVA RDC,’ UABMDC) 

GO TO 4701 
CONTINUE 

CALL ADDCUABMO C, DAM, VAROO 
CALL EQUATl (C ONOC, RNAME) 

DO 471 I = 1, 100 

VARDC(I) = VAROC(I) * SCALFAC 

CALLEQUAL 1 (C, VARDC) 

DO 54 I = 1, 100 
VARDC(I) = VAROCd) * BASE 
lEXP = lEXP + 1 
CALL ADD(CONOC, C, UARMDO 
DCl = UABMOCC 1 ) 

DC2 = UABMDC(2) 

CALL BRNULKUABMOC, ROOTS, N) 

VKV = DC1/(DC2 - UA8M0C2) 

AKA ={BASE ** leXP) * SCALFAC 
CALL PRINTIROOTS, N, AKA, VKV) 

IF(AKA - GAIN) 62, 63, 63 
GO TO 52 

IF(ANC) 6301, 6309, 6301 

INORDER = NOROER + 1 

POLYILEVER, INOROER) = POLYILEVER, INOROER) + ANC 
IF(ABSF{ POL Y{ LEVER, I NOROER ) )-TOP) 2402,2402,6309 
STOP 
END 

SUBROUTINE MULTPL (A, B, E) 

DIMENSION A(IOO), B(IOO), C(IOO), D( 100) , E( 100) 
COMMON CRR, CRI, CPR, CPI, ROOTR, ROOTI , C, 0 
N = 100 

IF(A(N)) 654, 652, 654 
N=N - 1 

GO TO 651 M 

M= 100 i ; 

IF(B(M) ) 658, 656, 658 
M = M - 1 : 



GO TO 655 
NTOTAL 
I DELTA 
DO 661 
D(I ) = 

cm = 

DO 663 
DO 662 
IP = J 
D( IP) 



672 



M + N 

= 0 

I = 1, 100 
0 
0 

1=1, N 
J = 1, M 
+ IDELTA 
Ad) « B( J) 
CALL ADDIC, D, C) 
lOELTA « IDELTA + 
CALL EQUATKE, C) 
RETURN 
END 

SUBROUTINE ADD(A, 
DIMENSION A( 100) , 

DO 672 I = 1, 100 
£( I ) = A( I ) B( 1 ) 
B(I) « 0 



1 



8, E) 
BdOO) 



Ed 00) 



-21 



RETURN 

END 

SUBROUTINE 6QUAT2 (A, POLY, INOEC) 
DIMENSION A(100). P0LY(8, 100) 

DO 690 1=1, 100 

690 A(I) = POLY( INOEC, I) 

RETURN 

END 

SUBROUTINE. E0UAT3 (POLY, INDEC, A) 
DIMENSION A(IOO). P0LY(8, 100) 

DO 700 I = 1, 100 

EC, I) = A(I) 



END 

SUBROUTINE PRINTIRESULT, N, GAIN, VKV) 

DIMENSION RESULT(200) 

IF{ SENSE SWITCH 1) S053, 5054 

1050 F0RMATI3HKC F 1 5. 3, 20X , 3HKV F15.3) 

5051 FORMAT(3HKA F 1 5.3, 20X,3HKV F15.3) 

5052 FORMAT(3HKB F 15.3,20X,3HKV F15.3) 

5054 IF(SENSE SWITCH 3 )5055,5056 
50^5 PRINT 5052, GAIN, VKV 

GO TO 5057 

5056 PRINT 5051, GAIN, VKV 
GO TO 5057 

5053 PRINT 1050, GAIN, VKV 

5057 ORDER = N 

COUNT = OROER/3.0 

IFICOUNT - 1.0) 1149, 1150, 1031 

1149 MORE'^= N 
KOUNT = 0 
GO TO 1061 

1150 KOUNT = 6 
GO TO 1056 

1051 OUNT = 34.0 

1052 IFIOUNT - COUNT) 1055, 1055, 1054 

1054 OUNT = OUNT - 1.0 
GO TO 1052 

1055 KOUNT = OUNT 
KOUNT = KOUNT * 6 

1056 DO 1058 J=l, KOUNT, 6 
J5 = J+5 

1057 F0RMAT(3HS F10.2, 3H JF10.2, 7X, 3HS F10.2, 3H JF10.2, 7X, 

13HS F10.2, 3H JF10.2 ) 

1058 PRINT 1057, (RESULT(JN), JN =J,J5) 

MORE = N-(K0UNT/2) 

1061 IFIMORE - 1) 1062, 1063, 1065 

1062 FORMAT!/) 

PRINT 1062 
RETURN '/ 

1063 KTl = KOUNT + 1 

KT2 = KOUNT + 2 

1064 FORMAT! 3HS F10.2, 3H JF10.2) 

PRINT 1064, RESULTIKTl ),RESULT!KT2) 

GO TO 1062 

1065 KTl = KOUNT + 1 

KT4 = KOUNT + 4 

1066 F0RMATI3HS FlO-2, 3H JF10.2, 7X, 3HS F10.2, 3H JF10.2) 

PRINT 1066, !RESULT!KT), KT=KT1, KT4 ) 

CO TO 1062 
END 

SUBROUTINE BRNULKA, ANSWER, NED 
DIMENSION CRR! 129),CRI( 129) ,XR!4) ,XI (4) .FXR!4),FXI(4),SR!3),SI(3) 
DIMENSION KAPPA! 10) ,CPR I 1 29 ) ,CPI ( 1 29 ) ,R00TR! 128) ,ROOTI ! 1 28) 
DIMENSION ANSWERI200), A! 100) 

COMMON CRR, CRI, CPR, CPI, ROOTR, ROOTI , C, 0 
INT = 1 

CALL CONVRT(A) 

NEL = 100 

9996 IFIAINELJ) 9998, 9997, 9998 

9997 NEL = NEL - 1 < 

GO TO 9996 




9998 NEL = N6L - 1 
N = r4EL 

00 9995 I = 1,100 
9995 CRR( I ) = All) 

65 CONTINUE 

1 CONTINUE 
5 CONTINUE 

2 CONTINUE 
50 CONTINUE < 

66 CONTINUE 
IMAX = 25 
NUM = 3 ^ 

. felO 

A ALTER = 1.000001 
MODE = 1 

EPl = O.OOOOOOOOOOOOOOOOOOOOl 
EP2 = O.OOOOOOOl 
EP3 = 0.0000001 

EP4 = 0.00000001 
M00E=M00e+l 
CONTINUE 
CONTINUE 
CONTINUE 



7 

52 

4 



67 

8 

608 



71 

501 

51 

9990 

502 



2)71. 51 
COEFFICIENTS 



53 

531 

532 

533 
9 

609 



11 



SRI 1 ) = -0.5 
SKI) = 0.0 
SR{2> = 0.5 
SK2) = 0.0 
SR{3) = 0.0 
SI ( 3) = 0.0 
CONTINUE 
CONTINUE 
CONTINUE 
NP1=N+1 

IFISENSE SWITCH 
FORMAT (40H THE 
PRINT 71 
PRINT 
CONTINUE 
DO 9990 I = 1,129 
CRK I ) = 0.0 
DO 6 1=1, NPl 
CPR{ I )=CRR{ I ) 

CPU I )=CRI { I ) 

CALL COMAG(CRR{ 1),CRI tl ) ,C1,KE) 
DO 305 K=1,N 
GO T0{ 9,609 ) .MODE 
FORMAT! 2X, 6H ROOT 
2(10HR£AL PART 
2X, 6HNUMBER 



OF THE POLYNOMIAL ARE ) 



68, (CRRI J) , J=I .NPl ) 



2! lOH 
PRINT 
I=l 

NPI=N+2-K 
NN=NP 1- I 
IFIK+l-N) 13 



OF ROOT 



10 X ^^2 



4X, 7HITERANT 6X, 
lOX, 1 OH I MAG PART 
4X, THNUMBER 6X, 

( lOH OF R(Z) lOX) , 



I0X),11HR00T IS IN /I 
1 IHA RADIUS OF)l 



12 



14 



CALL 
Kl = i 
K2=l 
GO TO 16 
AR=CRR( 1 ) 

AI = CRI! 1 ) 
BR=CRR(2) 
BI=CRI ( 2) 
CR=CRR( 3) 
CI=CRI (3) 
Kl=l 
K2=l 
M4=2 

GOTO 123 
XR( 1 )=D8ARR 
XI ( 1 )=D8ARI 
GO TO 16 



DIVD(-dRR(2) ,-CRI( 2) ,CRR( 1 ) ,CRI ( 1 ) , XR( 1) , XI ( 1 ) ,KE ) 



/ 



13 DO 15 J=l,3 
XR{ J)=SR{ J) 

15 XI(J)=SI{J) 

K 1=1 

K2=3 

16 Ml=l 
M2=l 
K3=l 
M4= 1 

700 DO 717 L=K1,K2 

701 2R=XR(L) 

702 zi=xia) 

710 f 

711 FXI(L)=RI 

CALL COMAGC RR.RI ,PMAG,KE 1 

713 RAD=ALTER*( PMAG/Cl )**{ 1 . O/FLOATF ( NN ) ) 

714 GO TO {715,19, 179), M3 

715 GO TOC 716,718) ,MOOE 

55 FORMAT( 2(16, 4X), 4E20. 1 1 , 5X, EI0.4 

716 PRINT 55, K , I , ZR, ZI , RR, RI ,RAD 
718 POLYO=POLYN 

POLYN=PMAG 

IF(PMAG)717,300,717 

717 1=1+1 

IFIK+l-N) 17.300,300 

17 GO TO (18,200) ,M1 

18 VAL=DEL*POLYN 
DBARR=RAD 
D3ARI=0.0 

19 KI=4 
K2=4 
H 1 = 2 
M3=l 

101 ABARR=XR( 1 )-XR(3) 

102 ABARI=XI ( 1 )-XI ( 3) 

103 BBARR=XR( 2)-XR( 3) 

104 B8ARI=XI (2)-XI ( 3) 

1 05 AMIBR=XR( 1 )-XR( 2) 

106 AMIBI=XI( 1 l-XI (2) 

107 CALL MULTI A8ARR,A6ARI ,E.BARR,BBARI ,TA,TB,KE1 ) 

108 CALL MULT(TA,TB,AMIRR,AMIBI,DENR,DENI,KE2) 
CALL COMAG(DENR,DENI,TA,KE) 

CALL C0MAG(XR(3),XI(3),T4,KE) 

IF( TA-6P1*T4) 1 10, 1 10, in 

no CALL 0ERIV(NP1,XR(3),XI (3),CRR,CRI,OR,OI,K50) 
CALL COMAG( RR,RI ,TR, KE) 

CALL COMAG( DR,ni ,TD.K£) 

IF(TR-EP4*TD) 192, 171 , 171 

111 DELAR=FXR( 1 )-FXR(3) 

112 DELAI = FXI ( 1 )-FXr (3) 

113 DELBR=FXR(2)-FXR(3) 

114 DELBI=FXI (2)-FXn3) 

115 CALL MULT(BBARR,B8ARI ,OELAR,OELAI ,TA,TB,KE5) 

116 CALL MULT(ABARR,ABARr ,OELBR,DELBI ,TC,TD,KE6) 

117 CALL DIVD(TA-TC,TB-TD,0ENR,D£Nl,AR,AI,KE7) 

118 CALL MULT{A8ARR,ABARI,TC,TD,Tl,r2,KE8) 

119 CALL MULT(BBARR,BBARI,TA,TB,T3,T4,KE9) 

120 CALL 0IVD(T1-T3,T2-T4,DENR,0ENI ,BR,BI,KE10) - 
CR=FXR(3) 

CI=FXI (3) 

123 CALL MULT(BR,8I ,BR,BI,T1 ,T2,K£11 ) 

124 CALL MULT(AR,AI ,CR,CI,T3,T4,KE12) 

131 TA=T1-4.0*T3 

132 TB=T2-4.0*T4 

CALL CSQRTC TA,TB,TC,TD) 

147 T1=-BR+TC 

148 T2=-BI+TD 

149 T3=-BR-TC 

150 T4=-BI-TD 

CALL COMAGC T1 ,T2,TA,KE1 4) 

CALL C0MAG(T3.T4,TB,KEl 5) 

153 IF{ TA-TB) 154, 168, 168 



GO TO ( 157, 159) , MU 
IF(TA) 161, Ul, 158 



CALL COMAG(2.0»CR,2.0*C I ,TB,KE16) 
IF(T6->RA0*TA) 159, 159, 180 



168 

157 

158 

159 CALL DIVO(2.0*CR;2.0iCi ,T1 , r2,0BARR,0BARI ,KE17) 

GO TO M61, 14) ,MU 

161 XR(4) = XRp)+DBARR ; ' 

162 Xn4) = XI(3)+0BARI ' ‘ 

140 IfItI)167:167;169 

169 IF( TR-TI )UU, 167, 163 

163 IF(TI-eP2*TR) 165, 167,167 

165 XI(4)=0.0 

GO TO (503, 504),. MODE 

56 FORMAT! 40H ITERANT ALTERED TO BE PURE REAL NUMBER.) 

503 PRINT 56 

504 GO TO 167 

164 IF(TR-EP2*TI) 166, 167,167 i 

166 XR(4)«0.0 I 

GO T0(505, 167), MODE . I 

57 FORMAT! 45H ITERANT ALTERED TO BE PURE IMAGINARY NUMBER.) I 

505 PRINT 57 

167 GO TO 700 

180 CALL 0IV0(T1,T2,TA , 0.0 ,T 1 ,T2 , K20 ) 

CALL DIVD!CR,CI ,TB ,0-0 ,CR,CI ,K2 1 ) 

CALL HyLT(CR,CI,RAD,0-0,CR,CI,K22) 

GO T0!506, 507), MODE 

58 FORMAT! 87H ITERANT IS OUTSIOE CIRCLE WHICH BOUNDS A ROOT. INTERP 

5810LAT6 ITERANT TO EDGE OF CIRCLE.) 

506 PRINT 58 

507 GO TO 159 I 

171 CALL COMAG! ABARR,ABARI, T1 ,KR1 ) I 

ENA!1) STA(ITA) ENA(3)' STA(ITB) i, 

IF( T1-EP3*T4) 174, 174,172 i 

172 CALL COMAG! BBARR,BBARI,T2,KR2) i 

6NA(2) STAIITA) ENA(3) STA(ITB) ^ 

IF!T2-6P3*T4) 175, 175,173 

COMAG! AM IBR, AMI BI,T3,KR3) 



173 CALL 



174 

175 
178 



60 

601 

508 

m 

200 

m 

203 



STAIITB) 

ENA(2) 

ENA(3) 



ITERANT 



STA(M3) 

STA(M3) 



SLJ(178) 



X 11, IH.) 



II 

ill 



ENA(l) STAIITA) 6NA(2) 

IF! T3“EP3*T4) 174, 174,11 1 

ENAM) STA(Kl) STAIK2) 

ENA(2) STA(Kl) STAIK2) 

XRIKl )«XR(K1 )*( 1.0+2.0*EP3) 

XI!KV)«XI(K1 )*( 1.0+2.0*EP3) 

GO T0(508, 509), MODE 
FORMAT! IIH ITERANTS X I 1,6H AND X 
41H ARE TOO CLOSE TOGETHER. ALTER 
PRINT 60, ITA,ITB,ITA 
GO TO 700 ;i.i 

POLYO»^PMAG |; , 

GO TO 19 I;. * , 

1F!POLYN-VAL)201,201,210 ; i 

VAL»DEL*POLYN j: ’ 

LIM«I+NUM ' 

M2“2 

CALL DERIVINPI ,XR!4) ,XI ! 4 ) ,CRR,CRI ,DR, 01 , K60 ) 

CALL COMAG! RR,RI ,TR,KE) i| 

CALL COMAG! OR, 01, TO, KE) ' 

IF! TR“EP4*T0) 192,210,210 f 
0LT-RATI0*P0LY0/P0LYN 
IF! 1.0-DLT)220,220,212 

CALL MULT!ODARR,OBARI,0LT,0.0,OBARR,0BARI,K30) 

LIM-LIM+ 

GO TO (510,51 1 ) ,MOOE 

FORMAT! 120H POLYNOMIAL HAS INCREASED IN MAGNITUDE TOO MUCH WITH 
IRRENT STEP. THEREFORE REDUCE CURRENT STEP. 

PRINT 72 
CO TO 161 



i 



cu> 

)! 

' i 
t 






III 




220 GO TO (22 I, 23 I), M2 

221 IF( I-IMAX)250,2S0,222 

222 GO rO(t)l2,513),MOOE 

62 F0RHAT(69H MAXIMUM NUMBER OF ITERATIONS REACHED WITHOUT REDUCING t 

621P(Z) BY DELTA.) • i 

512 PRINT 62 I 

513 RETURN 

231 IF( I-LIM)250,250,300 j 

250 DO 261 L= 1,3 

XR(L)-XR(L+1) 

XI(U=XI(L+1) I 



69 FORMAT! I9H FIRST DERIVATIVE ( E17.9.E20.9, 55H) INDICATES THAT. 

691 ITERANT IS SUFFICIENTLY CLOSE TO ROOT.) 

514 PRINT 69, DR, 01 
300 DO 302 J=2,NN 

CALL MULTI ZR,ZI ,CRR(J-1 ) ,CRI (J-1 ) ,TR,TI,K40) 

CRR(J)=TR+CRR( J) 

302 CRI(J) = TI+CRH J) 

63 FORMAT 1 59H THE COEFFICIENTS OF THE REDUCED POLYNOMIAL ARE AS POLL 
6310WS ) 

ROOTR{K)=ZR 
ROOri{K)=ZI 
GO TO( 303,305) , MODE 



, 68 FORMAT! IH 6E18.9) 

) 304 PRINT 68, (CRRI J) , J»1,NN) 

PRINT 63, (CRI IJ) ,J=1 ,NN) 

305 CONTINUE 

GO TO ( 515, 516) , MODE 

515 PRINT 75 

516 CONTINUE 
80 CONTINUE 

DO 306 1=1, N 

CALL POLYNOM(N+l .ROOTRI I ) ,ROOTI ( I ) ,CPR, CPI , RR, RI , KE ) 

ANSWER ( INT) = ROOTRH ) 

INT = INT + 1 

- ANSWER(INT) = ROOTIII) 

INT = INT + 1 

V IFIARSF(RR)- 0.01) 8001, 8001, 8002 

^8001 IFIABSF(RI) - 0.01) 306, 306, 8003 
8999 FORMAT! 44HBEL0W ROOT UNCERTAIN WITH REAL REMAINDER OF 67.1) 

8002 PRINT 8999, RR 

8012 FORMAT(E7. 1 ) 

GO TO 8001 

8998 FORMAT! 44HBEL0W ROOT UNCERTAIN WITH IMAG REMAINDER OF 67.1) 

8003 PRINT 8998, RI 

8013 FORMAT! E7. 1 ) 

306 CONTINUE 
83 CONTINUE 

75 FORMAT! IHI) 

RETURN 

999 CONTINUE 
RETURN 
END 

SUBROUTINE DERI V ! N , ZR , ZI ,CR, C I ,OR , 01 , K6R) 

DIMENSION CR! 129) ,CI ! 129) 

ENA(O) STAIDR) STAIDI) STAIRR) STA ! RI )6NA! 1 ) STA ! KER ) . 

00 2 J=1,N 

CALL MULT!ZR,Zl ,RR,RI ,TRR,TRI,K1 ) 

CALL MLLTIZR.ZI ,DR ,D I ,TDR , TDI , K2 ) 

RSOIKl) AJPlIL+2) RS0IK2) AJPIl) ENA(2) STA! KE R )SLJ ( 3 ) . 

1 OR=TDR+RR 
DI=TDI+RI 

RR=TRR+CR!J) ' 

2 RI=TRI+CI!J) 

3 CONTINUE 
END 

SUBROUTINE POLYNOM!N, ZR,ZI ,CR,CI ,RR,RI ,KER) 

DIMENSION CR! 129) ,CI ! 129) 




( 303 PRINT 



63 





ENA(O) 


STAIRR) 


STAI.RI ) 


ENAI 1 ) 


STAIKER) 






DO 2 J= 1 ,N 










t 




CALL MULTIZR.ZI ,RR,RI .TR.TI ,K 1 ) 










RSOIK 1 ) 


AJPI 1 1 


ENAI 2 ) 


STAIKER) 


SLJI 3 ) 




1 


RR=TR^CRIJ) 










2 


RI=TI-»-CI I . 1 ) 












3 


CONTINUE 

END 

SUBROUTINE. 


CSQRTI XR, XI, 


YR.YI ) 






i 

1 

( 




CONI SQ 2 = 


1 . 4142135624 ). 




QJP 2 IL+ 1 ) 


LQC 1 XI ) 




LOAIXR) 


LDQIXI ) 


AJP 2 IL+ 1 ) 


LACI XR) 




STAIA) 
THSin ) 


STQIB) 


QJP 1 I 1 ) 


STOIO) 


SLJ 4 I 8 ) +STA( P)SLJ( 5 ). 


1 

2 


kESiEisi 

SLJI 3 ) 


SkiW' 

STQIS) 


FI)V(B) 


STAIT) 


STA(R)SLJ (45 


3 


STAIS) 


LDAIB) 


FDVI A) 


STAIT) 


LOAI 1 . 0 ) 


STAIR)SLJ( 4 ) 


7 


Y=SQRTFtX) 












8 


SLJI*) 


STAI X) 


SLJI 7 ) 






• 


4 


LOA(T) 


FMUIT) 


FAOI 1 . 0 ) 


. SLJ 4 I 8 ) 


+FADIR) 


FOV 12 . 0 ) 




SLJ 4 I 8 ) 


+STAI T) 


LDAIS) 


SLJ 4 I 8 ) 


♦FMUIT) 


STAIP) 




LOAIXI ) 


FDVI 2 . 0 ) 


FOVIP) 


STAIO) 




• 


5 


SSKIXR) 


SLJI 6 ) 


LDAIQ) 


LQCIP) 


AJP 2 IL+ 1 ) 


LAC IQ) 




SSKIXI ) 


LDQIP) 


STAI YR) 


STQI YI ) 


SLJlL+ 3 ) 




6 


LOAtP) 


LOQIQ) 


STAIYR) 


STQI YI ) 








END 

SUBROUTINE 


COMAGIXR.XI, 
LDQIXI ) 


Z,K£R) 




QJP 2 IL+ 1 ) 


LQC tXI ) 




LOAIXR ) 


AJP 2 IL+ 1 ) 


LACIXR) 




STQI T) 


+THSIT) 


LLSI 48 ) 


QJPI 3 ) 


STQIT) 


FDVIT) 




STAIH) 


FMUIH) 


FADI 1 . 0 ) 


STAIH) 




• 




Y=SQRfFl H ) 














-FMUIT) 


+EXF 7 I 141 B) SLJIL+ 2 ) 


ENQI 1 ) 


SLJI 3 ) 


ENQI 2 ) 


3 


STQIKER) 


STAIZ) 








• 




END 

SUBROUTINE 


OIVDIXR,XI 


,YR,YI ,ZR 


,ZI ,KER) 








CALL PRODIXR.XI ,YR,-YI, 


B 1 ,B 2 ,PR, 


PI ,DR,DI ) 
SLJI 3 ) 








LDAIB 2 ) 


AJPTI 1 ) 


ENAI 3 ) 






2 


ENAI 2 ) 


SLJI 3 ) 








• 



T=DR*DR+DI*OI 

LDA(BI) -FDV(B 2 ) 
LDA(PR) FOV(T} 
LOA(Pl) FDV(T) 
STA(KER) 

END 

SUBROUTINE 



+EXF 7 ( 141 B)SLJ( 2 ) STACBl) 
-FMUCBI) +EXF 7 { 141 B)SLJ( 2 ) 
-FMU(Bl) +EXF 7 ( I 41 B)SLJ( 2 ) 



STA(ZR) 

STA( ZI )ENA( 1 } 



ouor.uui AINC MULT (XR, XI .YRjYI , 7 R,ZI,KER) 
CALL PRODIXR, XI , YR , Y I , B I , B 2 . PR , PI , D 1 , D 2 ) 



LOA(B 2 ) 
LDA(PR) 
LDAIPI ) 
ENA( 1 ) 
ENA( 2 ) 

END 

SUBROUTINE 



fAl »fl\* TifD I y0^trr\frlfUI| 

-FMU( 8 n +-EXF 7 ( 141 B)SLJ( 1 ) 
-FHU(Bl) +EXF 7 I 141 B)SLJ( 1 ) 
f EXF 7 ( 14 IB)SLJ( 1 ) 
SLJIL+ 2 ) 



-FMUI B 3 ) 
STA(KER) 
STA(KER) 



STA( B 1 ) 
STA(ZR) 
STA(ZI ) 



1 A 

1 



PROD (XR, XI ,YR,YI ,B 1 ,B 2 ,PR,PI,DR, 0 I ) 
CALL NORM(XR,Xl , 61 ,AR,AI ) 

CALL NORM(YR,YI , 82 ,DR,DI ) 

PR=AR*DR-AI »OI 
PI=AI *DR+AR*DI 
END 

SUBROUTINE NORM ( A 1 . A 2 , B 1 , S 1 , S 2 ) 

SLJ( 1 ) +SEV 7 I 70000 B) ZRO(O) 



QJP 2 (L+ 1 ) LQC(AU 
LDL( 1 A+ 1 )+THS(E) 
STA(BI) SLJ(L+ 5 ) 
STAISl) LDA(A 2 ) 



lOOO 

1 

2 



LDA{ lA+ 1 ) LDO( A 1 ) 

QJP 2 (L + n LQCIA 2 ) 

+ AJP 1 (L<- 2 ) STAISl) 

LOA(Al) FDVIBI) 

END 

SUBROUTINE DIVIDEIANN, BET, E, R) 

DIMENSION ANN(IOO), BET(IOO), 0 ( 100 ), E(IOO), R( 2 ) 
COMMON CRR, CRI, CPR, CPI, ROOTR, ROOTI, C, 0 
00 1000 JL= 1 , 100 
E(JL) = 0.0 
M = 100 

IFIANN(M)) 3 , 2 , 3 
M « M -1 
GO TO 1 



+ZRO( 4000 eOZR 0 ( 0 ) 
STLIE) LDQ(A 2 ) 
SLJIL+ 2 ) LOA(E) 
+A 0 DI 1 A+ 2 ) STA(Bl) 
FDVIBI) +STAIS 2 ) 



TV 



3 H = M-1 
31 N = 100 

4 IF(BET(N)) 6, 5, 6 

5 N = N-1 
GO TO 4 

6 N = N - 1 

CAUL CONVRT(ANN) 
call CONVRT(BET) 

61 INTH-= (N-M+1) 

DO 7 K = 1, INTH 
E(K) = BET(K) / ANN( 1 ) 

00^7 I = 1| N+1 

Ji^a’^l(K»*ANN( n 
BET(J) = BETU) - 0(J) 

7 DIJ> = 0.0 
CALL CONVRT(E) 

NA = N+l 

R( 1 ) = BET(NA) 

R(2) = BET(N) 

ZERO = 0.0 

RETURN 

END 

SUBROUTINE EQUAL 1 (A, B) 
DIMENSION A( 100) , B( 100) 

DO 1 J = 1, 100 
1 A(J) = 8(J) 

RETURN 

END 

SUBROUTINE EQUATl (A, 6) 
DIMENSION A{ 100) , B( 100) 

DO 680 1=1, 100 
All) = BID 
680 Bin = 0 
RETURN 
END 

SUBROUTINE CONVRTIABLE) 
DIMENSION ABLE! 100), BAKERIIOO) 
N = 100 

1 IFIABLEIN)) 3, 2, 3 

2 N = N-1 
GO TO 1 

3 N = N - 1 

31 NOC =N+V 

32 DO 4- I = 1, NOC 
J = N-I + 2 

4 BAKER! J) = ABLE! I) 

DO 5 I = 1, NOC 
ABLE! I) = BAKER! I) 

5 BAKER! I ) = 0.0 
RETURN 

END 

END 
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